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ABSTRACT

The Naval Weapons Handling Center , WPNSTA Earle , conducted an
analysis to determine isolation system parameters for a shippin g and
storage container for the canister launched version of the HARPOO N
missile~ This report presents the details of the analysis and informa-
tion concerning the predicted shock and vibration forces on the pack-
aged item as well .as the container caused by the hazards of handling
and transportation . A packaging configuration is presented , which
uses isolators previously approved for the ASROC version of the HAR-
POON missile . This configuration adequately protects the weapon in its
specified shock and vibration environments; therefore , it is recoinmen-
ded that ASROC version approved isolators be used in the proposed
configuration .
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I he N av~i1 Wc tpons Handling ( nte  i WPNS I A l’ai li has bte n
i’.’.ignLd th task of developing a shipping and storage container for
the canister launched version of the HARPOON missile . The principal
technical sub-tasks involved in such a development are : (1) the design
of the isolation system . (2) the design of the container s t ructure , and
(3) subsequent test and evaluation of the prototype container.

The design of the isolation system is the subject of this report .
The ou tpu t  of the report consists of design parameters . which are to be

F used by shock mount manufacturers and container structural designers ,
presented as results from the NWHC container design computer program
package . The design parameters presented are the natural frequency
and damping of the isolation system , the location of shock mounts and
the reaction loads developed by the isolation system ’s response to
specified shock and vibration environments.  The design specifications
tha t  these parameters address are contained in two specifications , XAS
2381 (HARPOON Missile Environment Specification ) and XAS 3894 (Con-
tainer Specification ) -

DESCRIPTION OF THE PA CKAGED ITEM

- . The canister launched version of HARPOON being loaded into its
canister is shown in Figure 1 and a schematic of the missile/canister
assembly in the packaging configuration is shown in Figure 2 . The
missile air scoop is placed down and the wings and fins are folded.
Three shoes are located on each side of the weapon at missile stations
88 . 12 . 166 0 , and 189 .12 . A fire thru restraint bolt and an explosive
inadvertent  fire restraint bolt are located at missile station 192 . 13 . The
missile weighs 1515 .18 pounds distributed as illustrated in Figure 3 and
has st iffness characteristics presented by the El plot , Figure 4. The
overall len gth of the missile is 182. 2 inches , diameter 13.5 inches and
the missile is supported within the canister on launch rails running the
length of the canister . The forward missile and forward booster shoes
interface with the canister at the stacking frames (CS 80 .52 , CS 158 . 39) .
The overall length of the canister is 189.5 inches and the diameter 23 . 50
inches . The canister weighs 490 . 30 pounds distributed as illustrated in
Figure 5. The stacking frames are 25 . 90 inches high (excluding stack-
in g guide pin ) and 26 . 10 inches wide . The mass properties of the mis-
sile . canister and missile/canister assembly are listed in Table I.

Table 1

HARPOON Missile/Canister Assembly Mass Properties

I . CG Weig htp i t c h  2
___ .(‘~ )__~ - .

Missile 10240.8 104.88 1515 .18
Canister 4320.0 108.70 490.30
Missile in Canister 14S75.8 105.82 2005.48

L - . .  -~~~~ 
__i,~__ ..__.~~~ .
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DESIGN_REQUIREMENTS

The isolation system design must  satisfy shipping , storage and
rough handling requirements - The design must be able to withstand
specified truck , rail , ship and air transportation environments as well
as rough handling at temperature extremes .

The HARPOON missile vibration environment , Figure 6 , is the en-
velope of truck , rail , ship and air transportation environments taken
from XAS 2381, with agreed upon modifications in the frequency range
of 5-12 Hz. The vibration fragility (design levels) for the canister
launched version of HARPOO N is presented in Figure 7. The design
temperature for vibration is specified to be normal room temperature ,
70°F.

The HARPOON missile shock environment as extracted from XAS
2381 and XA S 3894 is listed in Table 2. The containerized weapon is
expected to survive the specified inputs at temperature extremes of
-20°F and 140°F, with the exception of the near miss eligibility test
and shipboard shocks , which are to be performed at 70°F .

The shock analysis utilizes the acceleration design levels for
HARPOO N components , bending moment and axial load limits for the
missile and canister structures and interface reaction limits between the
missile and canister , and canister and container as the survival criteria
for the missile/canister system . The acceleration design level for the
HARPOO N missile components is specified as a 42 g terminal peak saw-
tooth shock of duration not less than 25 ms Bending moments and

I 
- axial loads are combined to yield equivalent axial loads according to the

following formula :

PE=(2/R) M +PA

where PE is the equivalent axial load , R is the radius of the item , M is
the bending moment and PA is the axial load. The allowable equivalent
axial loads are presented in Figure 8. The vertical interface locations
between the missile and canister are at the canister stacking frames, MS
88.12 and MS 166.0 and at MS 189.12 with specified allowable loads of
[8,200 ; 15,600 and 12,800 pounds respectively . The inadvertent fire
restraint bolt at MS 192.13, used for longitudinal restraint of the wea-
pon , has a load carrying capacity of 23,200 pounds . The canister shell
maximum allowable equivalent axial load is 244,000 pounds . The maxi- H
mum allowable vertical loads for the canister/container interfaces at the
forward and aft stacking frames are 101, 600 and 24 ,400 pounds respec-
lively , and the maximum allowable longitudinal load for the canister/
container interface at the aft stacking frame guide pin hole is 45,000
pounds -

7
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TABLE 2

HARPOON Missile Shock Envi ronment

F APPLICABLE TE~FERA-SHOCK EVENT SPECIFICA T ION TURE AND DI RECTION

Storage/Handling 18U Rotational Corner Drop _200 , 140°F

Railcar Coupling 1O fps End In~act _200, 140°F
25 g, 25 ms half sine

Transfer at Sea 10 fps End Impact _200. 140°F

Near Miss Eligibility 18” Flat Drop 70°F

Ship Shock 15 g, 35 ms Trapezoid* 70°F Vertical
— 9 g, 35 ms Trapezoid* 70°F Transverse

6 g, 35 ms Trapezoid* 70°F Longitudinal
*10 ms Rise & Decay

Shipboard Handling 15 g, 11-18 ms half sine 70°F Vertical
70°F Transverse
70°F Longitudinal
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DESIGN APPROACH

A computer program package developed at the Naval Weapons Hand-
ling Center to aid container designers was utilized in the development
of the container isolation system for the canister launched version of
HARPOON . The package includes three program s entitled VIBANL ,
SHKANL , and SPECT , which perform , respectively , the required vibra-
tion , shock , and shock spectrum analyses . The mathematical model for
the VIBANL and SPECT analyses is a single degree of freedom linear
oscillator with viscous damping . The same model without damping is
used for the SHK AN L program . Damping is excluded from the SHKANL
model to provide a factor of safet y between the predicted results an d
actual performance .

The design fragility and environmental levels for the HARPOON
missile were established early in the program and are employed in this
analy sis . With respect to vib ration , the major design influence is the
HARPOON’ s relatively vibration sensitive turbojet engine - Its fragility
and con sequen tly the f ragility of the canister launched version of
HARPOON is illustrated in Figure 7. These low fragility levels result
in stringent transmissibility requirements . Therefore , an isolation
system was developed which decouples weapon responses to vibration in
the three principal directions and consequently eliminates the rocking
contribution to transmissibility.

The damping used in the an aly ses is the greatest amou nt curr en tly
available in state of the art elastomeric isolators of high qu ality an d
reliability . The frequency established by the initial vibration analysis
is the highest f requency that will satisfy the vibration f ragility require-
ments .

The frequency and damping developed in the vibration analysis are
then used in a shock analysis to verify that they would provide ade-
quate protection to the weapon in the specified shock environment.
This verification is obtained by computing the bending moment , axial
load , reaction force and peak shock respon ses of the weapon when sub-
j ected to the specif ied environmen t while isolated by the proposed sys-
tem. If  verification is not obtained the container designer could lower
the frequency , increase the damping, increase the number of supports
or restraints (reactions), etc . and repeat the analyses until a suitable
isolation system is found.

Additionally , because the HARPOON shock fragility is defined as a
shock having peak , duration and shape parameters , the shock spectra
of the predicted responses are compared to the shock spectrum of the
fragility shock .

Furthermore , for logistic and economic reasons , it was decided to
develop an isolation system using isolators which would use the same
mold as the isolator approved for the ASROC version of HARPOON .

12
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DISCUSSION OF RESULTS

The VIBANL program was executed using the maximum available
damping of economical shock mounts , 13 percent of critical, and a corn-
pression/tension to shear stif f ness ratio of 4:1 , which results from the
use of the mold for the ASROC version isolators. A satisfactory solu-
tion to the vibration problem was found in which the predicted frequen-
cies were :

PRELIMINARY VIBRATION FREQUENCY

Transverse 19 Hz
Vertical 10 Hz
Longitudinal 10 Hz

The isolation system natural vibration frequencies generated by
VIBANL were divided by a conversion factor of 1.1 to approximate shock
frequencies at 70°F . This adjustment accounts for the nonlinearity of
elastomeric mounts of comparable elastomer, stiffness and shape when
subjected to shock induced displacement. Several of the shock require-
ments apply to temperature extremes of -20°F and 140°F , see Table 2.
Nominal thermal stiffness coefficients were used to modify the 70°F
shock frequency to account for temperature effects on elastomeric shock
mounts . The 70°F shock frequency is multiplied by coefficients of~/I~~
and ~~~~ to approximate shock frequencies at -20°F and 140°F , respec-
tively. The shock frequencies were computed to be as follows:

PRELIMINARY SHOCK FREQUENCY

Temperature Transverse Vertical Longitudinal

-20°F 19.69 Hz 10.36 Hz 10 .36 Hz
70°F 17.27 Hz 9.09 Hz 9 .09 Hz

140°F 16 .38 Hz 8.62 Hz 8.62 Hz

These isolation system parameters were then used in SHKANL , the
shock analysis program , to determine whether they provide adequate
shock protection . The proposed isolation system failed the flat drop
analysis in that reaction load and bending moment limits at the forward
support were exceeded , see Table 3 and Figure 9. The reaction load
at the forward support exceeded the allowable load by more than 5500

pounds . The corresponding equivalent axial load , (.296)(388.6x103) =

115.0x103, exceeded the 91.0x103 inch-pound allowable by more than
24 ,000 inch-pounds . The shock frequency was decreased to satisfy the
shock requirements .

Assuming linear elastic deflection and using the computed results ,
a new vertical shock frequency for consideration was found .

13
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g’s co~puted = g’ s al lowab le 18.45 = G
react ion reaction 23713.21 18200

computed a l l owab le

U = 14.16 g al lowable

g’
~ - ~~~~~~~ 

= &‘sallowab le 18.45 =

bendin g bending
computed a l lowabl e  388 .bx lO ’ 307.4xl0

C = 14.59 g a l l o w a b l e

Oiven an allowable g-level , 14. 16g sat is fying both reaction and
bending requirements , the vertical shock frequency can bi’ found using
the relationship . 2F = 4.89845 RG-~~Y- 1I

11

where F = vertical shock frequency (Hz), 70°F
level

H = drop height (inches)

= 4.89845 I ( l 4 . I b— 1 ) 2 1]
18

F = b. 85 Hz

This 70°F’ verticaL shock frequency was converted to a vertical
vibration frequency by applying the inverse of the previously discussed
procedure to yield a frequency of 7.54 Hz.  it  was determined that this
frequency could be approximated by using eight ASROC version ap-
proved isolators , which would eliminate development costs and provide
interchangeability as well as eliminating tooling charges . Considering a
total of eight mountings per container as in the ASHOC version con-
tainers , the resulting frequ ent ’y can be determined from the ASROC
version frequency by using the ratio of the two suspended weights
alone .

Fc = IW a 1 Fa
~ Wc J

Fc = C a n i s t e r  vers ion  i s o l a t o r , 70°F v i b r a t i o n  frequency
ASROC vers ion i s o l a t o r , 70°F v i b r a t i o n  frequency - 1( 1 Hz

Wa = ASROC version suspended we i ght - 13b5 . 08 lbs .
Wc = Can i s t e r  vers ion suspended weight — 24 32.b 8 lbs .

= [ 1 IbS .O8 J ~
UO) = 7.4 9 Hz

124 12.68 1

lt~
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In a center of gravity mou n ting system as proposed here , the
mountings are primarily Loaded in shear in the vertical as well as longi-
tudinal di rections , yie lding longitudinal and vertical frequencies which
are equal . The transverse vibration frequency is directly related to
the vertical frequency by the square root of the compression/tension to
shea r stiffness ratio which in this case is 4 .0 .  Using these vibration

- t frequencies , the vibra t ion to shock fac tor an d thermal stif f ness coeffi-
cien ts p reviously presen ted , the app ropr iate shock freq uencies were
computed . A frequency summary f o r  this second consideration is given
below .

FREQUENCY

Temp Transverse Vertical

Vibration 70°F 14.98 Hz 7.49 Hz 7.49 Hz
Shock -20°F 15.52 Hz 7.76 Hz 7.76 l{~

70°F 13.62 Hz 6.81 Hz 6.81 Hz
140°F 12.92 Hz 6.46 Hz 6.46 Hz

This proposed isolation system configuration , Figure 10, represen ts
an isolation system having mount elastic centers located in the horizontal
plane of the CG of the isolated element. The isolators are loaded
primarily in shear in the longitudinal and vertical directions and pri.mar-
ily in tension and compression in the transverse direction .

Computer outputs for the complete vibration and shock analyses
are presented in Appendices A and B - Appendix A represents the
analysis with respect to the HARPOON missile and Appendix B repre-
sents the analysis with respect to the HARPOON canister . Significant
analysis results and problem areas are discussed in the succeeding
paragraphs:

VIBRATION RESULTS

The VIBANL program was executed using the maximum avail-
able damping of economical shock mounts . 13 percent of cri tical , a
compression/tension to shear stiffness ratio of 4:1 and a transverse
vibration frequency of 14.98 Hz. VIBANL outputs are presented in
Appendix A and are listed in Table 4. Plots of the weapon ’s
response to the specified environment in the three principle direc-
tions compared to the weapon ’s fragility are shown in Figures
A 1-A3. As these figures show , the proposed isolation system
satisfies the specified vibration requirements .

SHOCK RESULTS

Shock Results

At the present time SHKANL is not structured to compute
shock response to uniform pulses . Note that structural and dis-

17



I.-

In -

In Z
0 I —

_ _ _  
\ — 

_ _ _  

I

~ 1 TTMH~, I

I / 
...
‘ ‘U

~-
-
~~~~ -- \ 

‘I)

— I~~ — 

1, ~t ~~l 
1

In I
Q \ - 

/
In D
z - 0 0‘U

0.

N 



— 
—-— - ~~~~— — — — —V- -

_ _ _ _ _ _ _ _ _ _ _ _ _ _

. . .  - .~~ ~-—- - .. -.-- .--~~~~~
-

~
—-

~ ~~~~~~~~~~~~~~~~ -~~~~~ --~- ~~~~~_ —--—.

TABLE 4

HARPOON Missile Vibration Sunvua ry

Dan~ inq = 13~ of c r i t i c a l

Con~ ress ionfTe ns ion to Shear Stiffness Ratio 4 : 1

NATURAL RESPONSE
Pi~!2i9!. Q~ENC~ AT

Transve rse 14.98 Hz 2.78 g

Vert ical  7. 49 lIz 4 .97 q

LongItudina l 7.49 Hz 1.03 g

1’)



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~

placement responses to the specified uniform pulses are computed
using the existing SHKANL rou tines (flat drop , side impac t , end
Impact) by computing pseudo drop heights/velocities which would
result in the appropriate deceleration levels . SHKANL outputs are
presented in Appendices A and B and summarized in Tables 5 and
6.

Shock_Level

The maximum predicted deceleration levels in the three pri-
mary directions are the 19 . 09 g response to the -20°F forward edge
rotational drop in the vertical direction , 12.68 g response to the 9
g trapezoidal shock in the transverse direction and the 15.51 g
response to the 25 g half sine shock at -20°F in the longitudinal
direction . Shock spectra of these deceleration responses were
generated and compared to the weapon’s allowable shock spectrum
(42 g. not less than 25 ms TPS) using the SPECT program .
Velocity shocks (drops and impacts) were assumed to be half sine
shocks having a duration equal to one-half the natural  shock
period of the isolation system in the applicable direction - Accele-
ration time histories were run for the responses to acceleration
shocks (specified by half sine or trapezoidal shocks) and the
digitized output was used in the SPECT program - The spectrum
comparisons , presented as Figures A25-A27, indicate that the
predicted responses are within specification levels .

Disp~~~~~e~~

The largest displacements in the three primary directions are
3.14 inches vertically down , 0.51 inches vertical1y up, 3.06 inches
forward and aft , and 0.67 inches laterally . The displacements
result from the 140°F forward edge rotational drop (computed at MS
9.63), the 18 inch flat drop, the 25 g half sine shock in the longi-
tudinal direction at 140°F and the 9 g trapezoidal shock in the
transverse direction respectively . The mount spacing (130 inches)
was selected to maintain the required sway space within the levels
resulting from the other shock requirements . The magnitude of
the displacements is reasonable for the configuration under con-
sideration .

Structural Response

Weapon bending moments and axial loads are the structural
response parameters addressed in this analysis . The design levels
for bending moments and axial loads are combined as limit equi-
valent axial loads . The formula PE = (2/R) M + PA is used to
determine equivalent axial load response where PE is the equivalent
axial load , R is the radius (6.75 inches for the missile , 11 .75
inches for the canister), M is the bending moment and PA is the
axial load. Figure 8 shows the design levels specified for the
HARPOON Missile . Application of the above equation to the peak

20 
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bt ’ndeng moments  and axial loads of l’able is 5 and ti indicates that
on! the ’ —20 ”!- .’ forward  edge’ rot t ional  drop e ’X ce ’t ’dS th e  design
Leve l . i’ht- limit equivalent  axial load response’ to this shock is
presented in hgur~ Ii . A l th ough the ’ pr edicted e’quivalent axia l
load exceeds the ’ allowable by a small amount  from MS 86 to NS 90 .
~1amp ing would lower the pr edic t t ’d rc’spemse to within th ’ allowable
limit as shown b~- t he dashed peak in Figure - 11. The can ist er
(‘quivalt’fl t ax i~iI lo~ids computed from 1’able ’ t~ • Wt’rt’ wet ! under  t he
2-1-1 .000 pounds allowable’ hav ing  a maximum value of 90 5 kips

Re act ion l oads

Predicted ~‘e’r(ical reat -t ion load responses ar e presented in
[‘a t ) le~ 5 and 6. 1’he i ma x imum predicted v er t i ca l  loads at th e’
forward support (MS 88 . 12) and the ’ a f t  support  (MS 189 . 12)
were’ 18. 1 kips and 4 .6  kips . respectively - t- e sultu ig  t rom the 18
inch flat drop and at the center  support  (MS 166 - 00) was 7 .8  kip s
result ing from the ’ —20”F’ foi’ward edge’ rotational drop . The m a x i —
IUUU1 p redicted t ransverse’  e’actions resulted from t h e ’ 9 g t rape—
zoidat shock and we’re 16. 3 kips • . 2 hip s . and -1 - I k ip s - re’spe c—
t iveiv  . at th e ’ forward . ce-f l ier  and af t  supports - The maximum
longi tudinal  reaction at the  res t ra in t  bolt (MS 192 . 13 ) was predicted
to be’ 23 . 5 kips i’e’sult ing from t he 25 g half sine ’ shock at — 20”F

4 
This re’sponse which exceeds the ’ specification ( less t h a n  I - S
cen t)  was e-on sielere ’d marginal ly acceptable ’ . w i t h i n  the ’ predict ion
limits of the  ana ly s i s  - The p eak loads applied to th e  canis ter  at
i t s  interfaces w i t h  th e  conta iner  we ’r e ’ well w i th in  the allowable’
limits . hav ing values of 21. -1 hips and 10.0 kills ver t i ca l ly  at the
forward and af t stacking fram es . respeetive’lv • and 30.-I hips longi-
tudinal ly  at the’ aft stacking frame guide’ pin .

‘ON ’I1USIO N S AN !) RKC OMM EN I)A ’l ’ION S

The’ llroPoseel e’oiifigtit~itioil rc’prese’nt s an acceptable ’ solution to
the isolation svstt’m problem fel l’ the canister launched ~‘ersioti ot l i A R —
POON - i’he’ frequencies established in th i s  anal sis are’ optimal, repre—
senting the greatest frequencies tha t  will  sa t i s fy  the design re’quire—
me’nts and, therefore , minimize shock induced displacements and the ’
resulting container size ’ and OOst -

Isolators previously approved for the’ ASRO ’ version of the’ HAR-
POON missile e~on ta met’ P 1 0\’ ide’ the ’ required frequencies an ci posse’s 5
the necessary shape . s t i f f n e ’ss and thermal qual i t ies  for the ’ proposed
appl ication - It is • therefore . recomrne’nded that two ASRO ’ ve’rslon
approved isolators be’ used at e’~ e’h mount loe’at ion in the ’ configuration
prt’seflte(l in this  repor t
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GLOSSARY flF TERMS (ISFI)
I~ ! CPMPLJTEP PRIMTfl IJTS

ADC D F C E L F R A T I O P ’I —  AFT EDGE DRP P C’S

ADS DISPLACE’FENT— AFT EDGE PROP I~4CHFS

AXL AXI AL LOAD pnty~rns
PYM flYF”A~~TC F3FNPJ”lC ~-(OMFNT INC H— Pfl ’I N DS

F FRFOUENCY HE R TZ

FOC f lFCELE PA T I f l~’~i— Fnp i~4~~qfl FOGE PR OP (3’S

FDS DISPLACFi1 ENT~ F R R W A R P  FPGF PROP IN C9FS

FR FR A G I L I T Y  C’S

FRED FREO(JFNCY HERTZ

IR ITFM RESPONSE C’S

IS ITF M STATIO N IN CHE S

RESP RESP ONS~ SHOCK SPECT R(JM 0’S

SPA C HAl  F— M OI JN TS P A C I N G  IN CH FS

SPEC SPFCIF!CAT ION SHI1CI( SPECTRu M fl’5

I 
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********************** ************ ************ **********************
* *
* *
* *
* IIARPI)ON 1U SSIL 1~ C A N I S T E R  V E R S I O N  *

* *
* T R A N S V E R S E  A N A L Y S I S  *

* *
* *
* *
* I N P U T P A R a M ETE R S *
* D A M P I N G  FACm R 0. 130 *
* TRANSVERS E NATU RAl. FRFO(JENCY 14.95 1-17. *
* RESULTS *

* I TE M RESPONSE AT TIlE NAT IJPAL FREDUENC Y 2.75 3 *
* *
* REMA R KS *

* *
* *
* *
****** ****** ********************************************************

TA RLE A — i

T RA ~-iSVEr ?SE V I P R A T IO N S U M M A R Y

A — i  
.

I ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ - ~~~ . 
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F I G U R E  A — i

T RA N SVFRS E V I B R A T I O N  A N A L Y S I S
P 1-U T OF ITFM RES PONS E AND FRA CILITY VS FR E OU FNCY

ITEM RESP ONSE ( E R )  = *
F R A G I L I T Y  (FR) = +

F El? II? 0.0 5.0
HZ C C +  +
5.0 5. 00 1.46 I * +
6.0 5.00 1.49 I * +
7.0 .O0 1 .59 I * +
8. 0 5 .00 1 .73 J * +

9.0 5.00 1.38 [ * +
0.0 5.00 1 . 14  1 * +

11.0  5 .00 1 .33  J * +
12.0 5 ,00 1 .60 I * +
13.0 5.00 2.05 I * +
14 .0 ~,.00 2. 63 I * +
15.0 5.00 2.78 1 * +
16.0 5.00 2.40 I * +
17.0 5.00 1 .82 I * +
18.0 5.00 1.39 1 * +
19.0 5.00 1. 10 1 * +
20.0 3.00 0.99 1 * +
21.0 3.00 0.91 1 * +
22.0 3.00 0.83 1 * +
23.0 3.00 0.80 1 * +
24.0 3.00 0 ,77  1 * +
25.0 2’.OO 0.74 1 * +
26.0 2.00 0.37 1 * +
27.0 2. 00 0.36 I * +
28.0 2.00 0.35 I * +

~9.0 2.00 0.34 1 * +
30.0 2.00 0.33 1 * +
31.0 2.00 0.32 1 * +
32.0 2.00 0.33 I * +
33.0 2.00 0.33 1 * +
34.0 2.00 0 .2 1 1 * +
35.0 2.00 0.20 I * +
36.0 2.00 0 . 19  1 * +
37.0 2.00 0.18 1 * +
28.0 2.00 0.18 I * +
3J,0 2,00 0 .17  I * +
4c .0 2.00 0.1’- I * +
50.0 2.00 0 .13  1* +
60.0 2,00 0 .13 f *  +
70. 0 2 .00 0.12 1* +
80.0 2.00 0 . 1 1  1* +
90.0 2.00 0 . 1 1  1* +

1 00.0 0.25 0.10 j *+
150. 0 0.25 0 . 10  I*+
200.0 0.25 0.08 J*+
250.0 2.00 0.07 1* +
300.0 2. 00 0.05 1* +
350. 0 2. 00 0.06 1* +
400.0 2.00 0.05 * +
500. 0 2.00 0.02 * +

A— 2
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************************* *********************** ****** ****** ********
* *

* *
* *

* HARPO O N “ I S SI L E  CAN ISTER V E R S I O N  *
* *

* V E R T i C A L  A N A L Y S I S  *
* *
* *

* *
* INPUT PARAMETERS *

* DAMPING FA C111R 0.130 *
* VERTICAL NATURAL FREQUENC Y 7.49 HZ *

* RESULTS *
* ITEM RESP ONSE AT THE NATURAL FR E O (JEN CY 4. 97 C *

4 * *
• * R E M A R K S  *

* *
4 *

*

************************ ********************************************

rAR LE A— 2

V E R T I C A L  V I B R ATION S I J M M A R Y

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
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F I U I J R E  A —2

VERTICAL V I B R A T I O N  A N A L Y S I S
PL OT flF ITE M RE SPON S E AND FRA G ILITY VS FR E OU EN CY

ITE M RESP ONSE ( 1 R )  = *
F R A G I L I T Y  ( F R )  = +

F FR I R  0.0 5.0
HZ C C + +
5.0 5.00 3.06 1 * +
6.0 .00 3.08 I * +
7.0 5.00 4.70 I * +
8.0 5.00 4 . 17  I * +
9.0 5.00 2 . 4 1  1 * +

1 0.0 5.00 1.55 I * +
1 1 .0  5.00 1. 1 0  1 * +
12.0 5.00 0.84 1 * +
13. 0 5. 00 0.48 1 * +
14.0 5.00 0.31 I * +
15.0 5.00 0.26 I * +
16 .0 5.00 0.23 1 * +
17 .0 5.00 0.20 1 * +
18.0 5.00 0.18 1 * +

- - 19.0 5.00 0.16 I * +
20.0 3.00 0 .16  I * +
21.0 3.00 0.16 I * +
22.0 3.00 0.16 1 * +
23.0 3.00 0.16 1 * +
24. 0 3.00 0.16 1 * +
25.0 2.00 0.16 I * +
26.0 2.00 0.09 1* +
27.0 2.00 0.09 1* +
28.0 2.00 0.09 1* +
29.0 2.00 0.09 1* +
30. 0 2.00 0.09 1* +
3~~.0 2.00 0.09 1* +
32.0 2.00 0.09 1* +
33.0 2.00 0.09 1* +
34.0 2.00 0.06 1* +
35.0 2.00 0.0’S 1* +
36.0 2.00 0.06 1* +
37.0 2.00 0.05 1* +
38.0 2.00 0.05 1* +
39.0 2.00 0.05 1* +
40.0 2.00 0.05 * +
50,~) 2.00 0.05 * +
60. 0 2.00 0.05 1* +
70.0 2.00 0.05 * +
80. 0 2.00 0.05 * +
90.0 2.00 0.05 * +

1 00.0 0.25 0.05 * +
1 50.0 0.25 0.05 * +
200. 0 0.25 0.04 * +
250.0 2.00 0.03 * +
300.0 2.00 0.03 * +
350.0 2.00 0.03 * +
400. 0 2.00 0.02 * +
500.0 2.00 0.0 1 * +

A— 4
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* *********** ****** ****** ****** ****** ****** ***** ******* ***** *********
* *
* *

* *

* HARPOON MISSILE CANISTER VERSION *
* *

* LON G I T U D I N A L ANALY S IS *
* *
* *

* *

* INPUT P A R A METERS *
* D A M P I N G  FACTO R 0 .130 *
* LONGITUDINAL NAT URAL FRE QUENCY 7.49 HZ *

* RESULTS *
* ITE M RESPONSE AT THE NATURAL FRE QUENCY 1.03 (3 *

* *

* R E M A R K S *
* *

* *

* *
*******************-* ** ****** ****** ************ ******** **************

TABLE A— 3

LONGITUDI N AL V I B R ATION SU M M A R Y  
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F I G U R E  A—3

L O N G I T U D I N A L  V I B R A T I O N  ANALYSIS
PL OT OF ITFM RESPONSE AND F R A G I L I T Y  VS FREDt J FN CY

ITE M RESPONSE ( I l ? )  = *
F R A G I L I T Y  ( F R )  = +

F FR I R  0.0  2. 0
HZ (3 (3 + +
5.0 2.00 0. 19 1 * +
6.0 2.00 0.39 I * +
7.0 2.00 0.86 I * +
8.0 2.00 1.00 I * +
9. 0 2.00 0.64 1 * +

10.0 2. 00 0.45 1 * +
11 .0  2.00 0.33 1 * +
12 .0 2.00 0.30 J * +
13.0 2.00 0.29 I * +
14.0 2.00 0.26 1 * +
15.0 2.00 0.2’S I * +
16.0 2.00 0. 16 1 * +
17.0 2.00 0. 16 1 * +
18.0 2.00 0.16 1 * +
19.0 2.00 0 . 16  I * +
20. 0 2.00 0. 16 I * -+
21 .0  2.00 0 .16 1 * +
22.0 2.00 0 . 16  1 * +
23.0 2.00 0.15 1 * +
24.0 2.00 0.16 I * +
25.0 2.00 0. 16 1 * +
26.0 2.00 0.09 1 * +
27.0 2.00 0.09 1 * +
28.0 2.00 0.09 I * +
29.0 2.00 0.09 I * +
30.0 2.00 0.09 1 * +
31.0 2. 00 0.09 I * +
32.0 2.00 0.00 I * +
33.0 2.00 0.09 I * +
34.0 2. 00 0.05 1* +
35.0 2.00 0.05 1* +
36.0 2.00 0.05 1* +
37.0 ‘.00 0.05 1* +
38.0 2. 00 0.05 1* +
39.0 2.00 0.05 1* + ¶
40,. 0 2.00 0.05 1* +
50. -~ 2.00 0.05 1* +
60.0 2.00 0.05 1* +
70.0 2.00 0.05 1* +
80. 0 2.00 0.05 1* +
90.0 2.00 0.05 1* +

1 00.0 0.25 0 .05 1* +
150.0 0.25 0.05 1* +
200.0 0.25 0.04 1* +
250.0 2 .00 0.03 1* +
300.0 2.00 0.03 j *  +
350.0 2.00 0.03 1* +
400.0 2.00 0.02 1* +
500.0 7 .00 0.01 * +

_ _ _ _  “ I~~ 
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********************** ************ ****** ****** ****** ** *** ***********
* *
* *
* ** FLAT DROP— HARPOON MISSILE CANISTER VERSION *
* *
* *
* INPUT PARAMETERS ** *
* *
* *
* *
* *
* SUPPORT LOCATZONS ( 1S) FWD 88.12 *
* CTR 166 ,00 *
* AFT 189.12 *

* VERTICAL SHOCK FREO 6.81 HZ *
* DROP HEIGHT 18.00 INS *
* WEIGHT OF THE CONTAINER SHELL 500.00 LBS *
* WEIGHT OF CRADLE 917.50 LBS *
* ** *
* RESULTS * 

* *
* PRIMARY— *

* DISPLACEMENT 2.98 INS *
* DECELERATION 14.09 (3 *
* REBOUND— *

* DISPLACEMENT 0.51 INS *
* DECELERATION 2.40 (3 *
* DYNAMIC SUPPORT REACTIONS FWD 18109.20 LBS *
* CTR —1313.42 LBS *
* AFT 4556.98 LBS *
* DYN BENDING MOM AT SUPPORTS— FWD —296769.81 IN—LBS *
* CTR 53985.87 IN—LBS *
* AFT —675 .0? iN—LBS *
* REMARKS *

* *
* *H * *
****** *********** ************ ********* *** ***** ****** ****** ** **** ****

TABLE 1—4

FLAT DROP SUMMARY

1-7
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FIGURE 1—4

D Y N A M I C  BENDING MOMENTS
18 INCH FLAT DROP

IS MOM 0 75000 150000 225000 300000
IN IN—L RS-+ + —+—_  + —+

0 0.+
5 0.+

10 O. +
15 0.+
20 — 146 . +
25 — 58 1. +
30 —6399. 1+
35 —12381. ! +
40 —19837.! +
45 —29887. 1 +
49 —427)2.1 +
54 —58975. ! +
59 —81 387.1 +
64 — 1 10185.1 +
69 —1 4 1523 .1  +
74 —175599.! +
79 —215282.! +
84 —259 550. 1 +
88 —29 5769. ! +
94 —250257.1 +
99 — 2 ) 3 4 7 1 . 1  +

104 — 179522.1  +
109 —149364. ! +
1 14  — 120666. 1 +
119 —95181. 1 +
124 —70)57.1 +
129 —47334 .! +
134 —2531 7.1 +
139 —6420 . 1+
144 8994.1 +
1 48 22009. 1 +
153 33553. 1 +
158 42753. ! +
1-’~3 5 1241 . 1  +
16~ 53986.1 - +
173 46490.1 +
178 39232. 1 +
183 21901. ! +
189 —6 75.1+
193

A —8
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****** ****** ****** ****** ****** **************************************
* *

* *

* *
* END I MPACT — HARPOON P1 SS!LE CANISTER VERSION *
* *
* *
* INPU T PARAMETERS *
* — 

- *
* 

- 

*

* *
* SUPPORT LUCATIDNS(IS) FWf) 88.12 *
* CTR 166.00 *
* AFt  189 . 12 *

* LONGI-rUDINAL SHOCK FREQUENCY—HIGH TEMPERATURE 6.46 lIZ *
* LOW TEMPERATURE 7.76 HZ *
* IMPACT VELOCITY 10.00 FPS *
* NUMBER OF LONGITUDINAL BEARING RESTAINTS I *
* LOCATION OF LONG BEARING RESTRAINTS (IS) 192.13 *
* ECCENTRICITIES 5.75 INS *
* *
* *
* RESULt-S *

* *
* *
* *
* AT LOW TE MPE RATURE *

* *
* DECELERATION 15.14 (3 *
* D~~~AM! C SUPPORT REACTIONS FWD 1 229.64 LBS *

* CTR 5853.83 LBS *
* AFT —5568.29 LBS *
* DYN R E N D I N G  MOM AT SUPPORTS — FW~) —2 1 058.62 IN—LBS *
* CTR —482.24 IN—LBS *
* AFT 131854.01 IN—LBS *

* *
* DYN A M I C  BENDING MrIl’ENTS AT LONGITU D INAL RESTRAINT S *

* 1ST B E A R I N G  RESTRAINT 13)901.90 —0.00 IN—LBS *
* *
* *
* AT HIGH TE MPERATURE *
* *
* DISPLACEM ENT 2.96 INS *
* *
* REMARKS *

* HIGH TEMP = 140 F LOW TEM P = —20 F *
* *
* *
* *
* *
********************************************************************

TABLE 1—5

END IMPACT S U M M A R Y

j  

1-9 
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F I G U R E  1—5

D Y N A M I C  B E N D I N G  M flMENT S
10 FPS END IMPACT

IS MO M 0 33000 66000 99000 132000
IN I N — L B S+ + + + +
0
5

10
15
20
25
30 —4 54 . +
35
40 — 140 8 .1+
45 — 2 1 2 1 . 1 +

- -  49 —3031.1+
54 — 4 1 8 5 . 1  +
59 —5 775.1 +
64 —1-31 9 .1 +
69 — 10042. ! +
74 — 12460. 1 +
79 —15276.1 +
84 —1 941 7.1 +
88 —2 105 8. 1  +
94 — 1R0135.I +
99 —15749.1 +

104 —13 6 14. ! +
109 — 1 1 7 4 8 . 1  +
11 4 —9986.1 4.
119  — 345 1 .1  +
124 —6050.1 +
129 —5604.1 +
134 —4316.1 +
139 —3249.1+
144 —2429.1+
148 — 17 80 .1+
153 —1235.1+
158
163 —528. 4.
166 —482.+
173 41 436.1 +
178 70077. 1 +
183 98003.1 +
189 131854.1 +
192 131901.1 +

A - t O
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************************** ********************************** ********
* *
* *
* *
* END I M P A C T — A X i A L  LOADS *

* *
* *
* HARPOON MISSILE CANISTER VERSION *
* *
* DYNAMIC AXI A L LOADS AT LONGITUDINAL RFSTPAINTS *
* 1ST REAPING RESTRAINT 22939.46 LBS *
* *
* REMARKS *
* *
* *
* *

****** ****** ****** ************ *********************************

TABLE 1—6

A X I A L  LOAD SUMMARY
10 FPS END IM PACT

- -

A— 11
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F I G U R E  A—6

D Y N A M I C  A X I A L  LOADS
10 FPS END I M PACT

IS AX L 0 6000 1 2000 1 8000 240~ e
IN LRS + —+ —+ ——— + +
0
5 c’~ +

10 I - 7 .+
15 ?~~.+
20 7~ c~.1+
?~ 575. 1 +
30 1145 . 1  +
35 1 52 1 . 1  +
40 1 921.1 +
45 2457. 1 +
49 3)48.1 +
54 4246.! +
59 5456.1 +
64 o3’~7.1 +
69 7235.! +
74 8087.1 +
79 0006.! +
84 90 10.! +
89 1 0596. 1 +
94 1 I ’ 1 7 .I  +
99 11836.1 +
104 12479.! +
109 13093.1 +
114  1 3565.1 +
119  1 3976. ! +
124 14263. 1 +
129 14577 .1 +
134 150 18.1 + —

139 15710. 1 +
1 44 16359.1 +
1 48 16801.1 +
153 17187 ,1 +
158 1 7563.1 +
1 63 13172 .1 +
1 68 18840.1 +
173 19669.1 +
178 20706 .! +
183 21 787.1 +
1 -88 22346. 1 +
192 22939.1 +

1—12
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F I G U R E  1—7

PLOT OF DECELERATION VS f-IALF—MOU NTSPACING
FORWARD AND AFT DROPS AT —20°F

- - FORWARD DROP = +
AFT DRO P = *

SPAC FOC ADC 10.7 14.4 18.2 22.0 25.8
IN 0 0 +—— .-—— + — —— — —  —4. --- —4 +
10 10.66 11.07+*
13 11.05 11.40 1+ *
15 1 1 . 4 4  11.741  +*
18 11.92 12.07 1 +*
20 1 2 . 2 1  12 . 401
23 12. 60 12 .74 1 $
25 12 .98 13.07 1 S
28 13.37 13. 401 S
30 13. 76 13.741 $
33 14 . 15  14 .07 ! S
35 14.53 14 .401 S
38 14.92 14.74! *+
40 15 .3 1 15.07! *4.
43 15.69 15.40 1 *+

-
~~ 45 16 .08 15.741 * +$ 48 16.47 16 .071

50 16.85 16 .40! *+
53 17.24 16.74! * +
55 17. 63 17 .07 1 * +
58 18.01 17 .41!  * +
6 1 18.40 17.74! * +
63 18.79 18.071 * +
66 19.17  18 .411 * +
68 19.56 18.74 1 * +
7 1 19. 05 19.07 1 * +
73 20. 33 19.41 !  * +
76 20.72 19.74 1 * +
78 2 1 . 1 1  20.071 * +
81 2 1.50 20.41 ! * +
83 21.88 20.741 * +
86 22 .27 21 .071 * +
88 22. 66 2 1 .4 1 1  * +
91 23.04 21 .74 1  * +
93 23.43 22.071 * +
9. 23.82 22.4)1 * +
98 24.20 22.74I * +

l O t  24.59 23.07 ! * +
103 24.98 23. 4 ) 1  * +
106 25.36 23.74 ! * +
109 25.75 24.081 * +

_ _ _ _ _ _ _ _ _  - 
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FIGUPF A — 3

- 

- 

PLflT (IF D I S P L A C E M E N T  VS H A L F — M O U N T S P A C I N G
FORWAR D AND AFT DROPS AT 1 40°F

F f J RW A RI )  DROP = +
AFT DROP = *

SPAC FOS ADS 2.6 4.6 6. 6 8. 6 10 .6
IN IN S INS + + —+ —+ +
10 10. 60 9.501 * +
13 3.82 7.97 1 * +
IS 7.64 6.951 * +
18 6.80 6.23! * +
20 6.17 5.69 ! * +
23 5. 68 5.26 ! * +
25 5.29 4 .93 1 * +
28 4.97 4 . 651 * +
30 4.70 4 .42 1 * +
33 4.48 4 .231 *+
35 4. 28 4.06 1 *+
38 4 .12 3.92! *4.
40 3.97 3.79 1 *+
43 3. 84 3.68!
45 3.73 3.581 *+
48 3.63 3.49 1 *+
50 3.53 3 .4 ) 1  *+
53 3.45 3.34!
55 3.37 3.28! *+
58 3.30 3.221 *+
61 3.24 3 . 16 !  S
63 3.18 3 . 1 1 1  *+
66 3 .13 3.06 1 5
68 3.08 3.02 1 $
7)  3.03 2.981 *+
73 2.99 2.941 *+
7’~ 2.95 2 . 9 ) 1  $
78 2.91 2 .88I S
81 2.88 2.851 S
83 2.84 2.82 1*+
86 2.81 2,791$
88 2.78 2 .7 7 I S
9 1 2.76 2 .74 1S
93 2.73 2.7215
96 2.70 2 .70 1S
98 2 .68 2 .68 15

101 2.66 2.665
103 2.64 2.64$
106 2.62 2.62$
109 2.60 2.61$

1—14 
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********** **** ****** ****** ****** ** **** ****** ******7 * *
* *
* R OT At IONAL EDGEWISE PROP *

* HARP OO N M I S S I L F  CANISTER VERSION ** *
* INPU t PA RA METERS *

* *
* HALF MOUNT SPACING 65.00 INS *
* SUPPORT L D C A T I O N S ( I S )  FWD 88.12 *
* CTP 166.00 *

* AFT 189 . 12  *
* OVE RALL CRNTA 1NFR LENGTH 2)7.00 INS *
* ITEM PITCH MOMENT OF INFRTI A 1 0240.80 IN—LP— SECSO *
* DISTANCE ITEM C.G. TU COP-IT BASE 25.19 INS *

* DIStANCE ITEM C.G. TI) ClINT FORWARD END 1)2.25 INS *
* DROP HEIGHT 18.00 INS *
* VERTICAL FREOUENC Y—LOW TEMPER ATURE 7.76 HZ *
* VERTICAL EREOUENC Y— IIIGF1 TEMPERATU RE 6.46 HZ *
* LOC ATION FOR DEC CALC (JLATIONS —FORWARU ) 9.n3 (IS) *

* LOCATION FOR DEC CALCULATIONS—AFt 191 .93 (IS) *
* LOC ATION FUR DSPL (‘ALCU1 AT IONS—FORWARD 9.63 (IS) *

* LOCATION FOR DSPL CALCULATIONS—AFT 19 1.83 ( 15)  *
* CRADLE WEIGHT 917.50 LBS *
* CRADLE C. G. L 1)CATWN 108.70 ( IS ) *
* dM011- PITCH MOMENT OF INERTI A 8330.40 I N — L B — S FCSO *

* *
* RESUL t S *
* *
* TOTAL WEIGHT OF ITEM AN D CR AD LF 2432.68 I R S  *
* TOtAL PITCH MOMENT OF I N F R ~t I A  19502.75 IN— LR —S F CS Q *
* tOt AL C .G. 15 LOCATED AT 106 .32 (IS) *
* *
* AT LOW T FM P FR A T ( J RE (— ?0 F) *
* *
* F ORMAR E ) EPG F DROP *

- ;  * M A X I M U M  DECELE R ATI O N A T ( I S )  9.63 19 .OQ C *
* DYNAMIC SUPPORT UEACT1U~4S FWD 17495.64 IRS *
* CTR —7801 .59 LBS *
* AFT 4366.75 LBS *
* DYN BENDING M ON AT SUPPORTS — EM Il —32 )743.39 IN—LBS *
* CTR 06276 . I 3 IN—LBS *
* AFT — 2 4 . 7 1  I N—IRS *
* A FT EDG E DROP *
* MAXI MUM DECELERATW N A T ( T S )  191.83 18.33 ( *
* D Y N A M I C  SUPPO R T REACTI ONS F W I ) 60 10 .65 LBS *
* CTR 5867.20 IRS *

* AFT 1 773.9? IRS *
* DYN B E N D I N G  ‘4DM A T SUPPOR tS — FWD — 7 0 ) 0 2 .40 TN—L BS *

* CTR — 22 408 .~~ IN—L B S *
* AFT —8 69 .24  IN—LBS *

* *
* AT H I G H  TFMPF RAT(JRF ( 14 0 ’ F)  *

: FWD EDG E PROP DISPLACEMENT 11( 15) 0.63 3.14 INS :
* AF t  EDG E PROP DISPI.ACFMFN 1 Ar (Is) 191 .83 3.07 INS *
* ** *

TA BLE A—I

RO tATI ONA l.  EDGEW I SE PROP SUMMA R Y

A — I S  

-~~~~~~~~~- - -~~~~~~~~~- -- - ---



F I G U R E  A—9

PLOT OF DECELERATION AT ITE M STATIONS
FOR HALF—MOU ’4T SPACINO 65 I NCHES

FORWARD AND AFT DROPS AT —20 ’F
FORWARD DRO P = +

AFT DROP = *

IS FDC ADC 0.1 5.1 10. ) 15.1 20.1
IN G C + + + —— ——+ 
0 20.08 —0.921 * +
5 19.57 —0 .431* +

10 19.06 0.07* +

15 18.55 0.571* +

20 18.04 1.06! * +
25 17.53 1.561 * +
30 17.02 2.061 * +
35 16.51 2.551 * +
40 16.00 3.051 * +

45 15.49 3.551 * +
49 14.98 4.041 * +

54 14.47 4.541 * +
59 13.96 5.041 * +
64 13.46 5.531 * +
69 12.95 6.031 * +
74 12.44 6.531 * +
79 1 1 . 03 7.021 * +

84 11.42 7.521 * +
89 10.91 8.021 * +
94 10.40 8.511 * +

99 9.89 9.01 1 * +
104 9.38 9.51! +*
109 8,87 10.001 + *
1 1 4  8.36 10.501 + *
11 9 7.85 11.001 + *
124 7.34 11.49 1  + *
129 6.83 11.99 1 + *
134 6.32 12.49! + *
139 5.81 12.981 + *
144 5.30 13.481 + *
148 4. 79 13.98! + *
153 4.28 14.471 + *
158 3.77 14.971 + *
163 3.26 15.471 + *
168 2.75 15.97! + *
17 3 2.25 16.461 + *
$78 1.74 16.96! + *
183 1.23 17.461 + *
1 88 0. 72 17.95! + *
193 0.21 18.45+ *

A— 1 6
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FIGURE A— l0

PLOT OF DISPLACEMENT AT ITEM STATION S
FOR HALF—M OUNTSPACING 65 I NCHES

FORWARD AND AFT DROPS AT 1 40 ’F
FORWARD DROP = +

AFT DROP = *

IS FDS ADS 0.5 1.2 1.9 2.6 3,3
IN INS INS + + —+ — — — +— — — — —— — — — — —— +

0 3.28 0.45* +
5 3.21 0.521 * +

10 3.14 0.59! * +
15 3. 07 0.65! * +
20 3.00 0.721 * +
25 2.93 0.79 1 * +
30 2.86 0.86! * +
35 2.79 0.931 * +
40 2.72 0.99 ! * +
45 2.65 1.061 * +

— 49 2.58 1 .13 1  * +
54 2.51 1 .20! * +
59 2.44 1.26! * +
64 2.37 1.331 * +
69 2.30 1.401 * +
74 2.23 1.47! * +
79 2.17 1.531 * +
84 2 . 10 1 .601 * +
89 2.03 1.67 1 * +
94 1.96 1 .741 * +

-~~~~ 99 1.89 1.801 *+
104 1.82 1 .871 +*
109 1.75 1 .94! + *
11 4 1.68 2.011 + *
11 9 1. 61 2.08! + *
124 1.54 2.141 + *
129 1.47 2.2)1 + *
134 1.40 2.28 1 + *
139 1. 33 2.35 ! + *
$44 1.26 2.411 + *
148 1.19 2.48! + *

- 
-~~ 153 1. 12  2.55! + *

158 1.05 2 .621 + *
163 0. 99 2.681 + *
$68 0.92 2.75! + *
173 0.85 2.821 + *
$78 0. 78 2.891 + *
$83 0.7) 2.951 + *
1 88 0.64 3.021 + *
193 0.57 3.091 + *

A — l i
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H FIGURE A — I l

D YNAMIC BEND ING MOMENTS
18 INCH F ORWARD EDGE ROTATIONAL DROP

IS DY M 0 8)000 $62000 243000 324000
IN IN—LBS+  + —+ —+ +
0
5 O. +

$ 0  0.+
$ 5 O. +
20 —191 +
25 —7 46. +
30 —8 005. 1+
35 —15 460. ! +
40 —246)2.1 +
45 —36739.1 +
49 —51 886.1 +
54 —70687. ! +
59 —95 747.! +
64 —127226.1 +
69 — 1 61084. ! + —

74 —197504.1 +
79 —238787.! +
84 —284019.! +
88 —3 2) 743. 1 +
94 —278366. 1 +
99 —243672 . 1 +
104 —2 )0926.1 +
$09 —180749.1 +
1 14  — 151471.! +
1 )9 —124)25.! +
$24 —97035.1 +
129 —71077.1 +
134 —45522 .1 +
139 —21337.1 +
144 I418.+
148 2.3233. ! +

153 44577. ! +
$58 651 78.1 +
1 63 85589 .1 +
$66 96276.1 +
173 67508. ! +

178 47420. 1 +
183 26064.1 +
189 — 2 5 . 1+
193 0.+

A— I 8
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F I G U R E  A — 12

DYNAMIC BENDING MOMENTS
18 INCH AFT EDG E ROTATIONAL DROP

IS DYM 0 20000 40000 60000 80000
IN IN—LBS+ + —+ + — — —— — —+

0 0.+
5 0.+

10 0.+
15 0.+
20 —8.+
25 —41.+
30 — 66 5 ,+
35 — 1314 .1+
40 —2260. 1 +
45 —3738. ! +
49 —5945. ! +
54 —9)40.! +
59 —$4372.1 +
64 —2 ) 796. ! +
69 —30264. ! +
74 —39857. 1 +
79 —52)29.! +
84 — 66 6) 9 . !  +
88 —79 ) 02 .1  +
94 —59833.1 +
99 —44970. 1 +

104 —31963. ! +
109 —21 469.1 +
((4 —$2031.! +
1 )9 —4962.1 +
124 1 747.1+
(29 6646. ! +
134 1 0873.1 +
139 12304.1 +
144 1052$.! +
148 6478.! +
153 949.1+
$58 —6959.1 +
163 —15622.! +
166 —22408. 1 +
173 —4284.! +
178 5694.! +
183 3576.! +
189 —869.1+
193 0.+

A — 1 9
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** ****** ****** ****** ****** ***** ****** ************ ****** ** *** * **** **

* *
* *
* *
* HARPOON MISSiLE CANISTER VERSION *
* *
* *
* INPUT PARAMETERS *
* *

* *
* *
* SUPP ORT LOCAfIONS (IS) FWD 88.12 *
* CTR 166 .00 *
* AFT $ 8 9 . 1 2  *
* LONGITUDINAL SHOCK FREQUENCY—HIGH TEMPERATURE 6.46 HZ *

* LOW TEM PER ATURE 6.46 HZ *
* IMP ACT VELOCITY 10.35 FPS *
* NUMBER OF LONGITUDINAL BEARING RESTAINTS 1 *
* LOCATION OF LONG BEARING RESTRAINTS (IS) 192.13 *
* ECCENTRICITIES 5.75 INS *
* *
* *
* RESULTS *
* ——— --——— *

* *
* *
* AT LOW TEMPER ATURE ** *
* DECELERATION 13.05 C *

* DYNAMIC SUPPORT REACTIONS FWD 1237.28 LBS *
* CTR 5032.96 LBS *

* AFT —4755.06 LBS *
* DYN BENDING MOM AT SUPPORTS — FWD —2 1 058.62 IN—LBS ** CTR 113.09 IN—LBS ** AFT ( 13647.42 IN—L B S *
* *
* DYNAMIC BENDING MOMENTS AT LONGITUDINAL RESTRAINTS *
* 1ST BEARING RESTRAINT 113695.32 —0.00 IN—LBS *
* *
* *
* AT HIGH TEMPERATURE *

* *
* DI SPLACEMENT 3.06 INS *
* *
* REMARK S *

* IMP A CT VELOCITY E QUIVALENT NOT ACTUAL SEE TEXT *
* HIGH TEMP LOW TEMP = 1 40°F *
* *
* *
* *
*********** ***************** ****** ****** ****** ****** ***** ***********

TABLE A—8

RESPONSE TO LONGITUDINAL 250,25M5 HALF SINE SHOCK AT 140°F
SUMMARY

A—20
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FI GU R E A — 1 3

DYNAMIC BENDING MOMENTS
RESPONSE TO L1)NGITIJDINAL 250,2SMS HALF SINE SHOCK AT 140°F

IS MOM 0 29000 58000 87000 116000
IN I N — L B S -f  ———+ ————— + + —+

0 0.+
5 O. +

10 0. +
15
20
25 — 4 ) . +
30 —454 . +
35 — 5379. +
40 —1408.1+
45 —2 121.1+
49 —3031.1+
54 —41 85.1 +
59 —5775. ! +
64 —7819 . 1  +
69 — 10042. 1  +
74 — 12460 .1  +
79 —15276 . 1  +

~34 —18417.1 +
28 —2 ) 059.1 +
94 —1 8040. 1 +
99 —15666. ! +

1 04 —13493 .! +
109 —11589 .1 +
1 1 4  —9789.1 +
1 1 9  —8 217 .1  +
12’l —6676. ! +
129 —5294. ! +
134 —3968. 1 +
139 —2864.1+
1 - ~4 —2006.1+
14 ~3 — 13 19 . 1 +
153 —736 . +

—3 l9 . +
163 47~ +
166 113 .+
17 3 36 172.1 +
17 8 60789. ! +
183 84690. 1 +
189 113647.1 +
192 113695.1 +

A —2 1 
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*** ******* **** ****** ** **** ****** ****** ****** ** *** ****** *** **********
* *
* *
* *
* AXI A L LOADS *

* *
* *
* HARPOON MISSILE CANISTE R VERSION *
* *
* D Y N A M I C  A X I A L  LOADS AT LONGITUDINAL RESTRAINTS *
* 1ST B E A R I N G  RESTRAI N T 19773 .10 LB S *
* *
* R E M A R K S  *
* * H
* *

* *
* *

***** ****** ****** *********** ****** ****** ****** ****** ****** ***** *****

TABLE A—9

AXIAL LOAD SUMMARY
RESPONSE TO LONGITUDINAL 25G,25MS HALF SINE SHOCK AT 140°F

‘ I

1— 22
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F I G U R E  1—14

DYNA M I C  A X I A L  LOADS
RES PONSE TO LON G I T U D I N A L  250 , 25 MS H A LF S I N E  SHOCK AT 1 40° F

IS AXL 0 5000 1 0000 1 5000 2 0000
IN LBS + + ————— + + +
0 0. +
5 7.+

10 15. -f
15 22.-f
20 22 1.1+
25 582.1 +
30 987.! +
35 1 3 1 1 . 1  +
40 1 656.! +
45 2118.! +
49 2713.! +
54 3660.1 +

-~~~~ 59 4703. ! +
64 5480. 1 +
69 6236. 1 +
74 6971.! +
79 7763. 1 +
84 8542.1 +
89 9)34 .1  +
94 9668.1 +
99 10202.1 +

10 4 10756.1 +
109 11286.! +
1 1 4  11692.1  +
119 12047 .1 +
12 4 12295.! +
129 12565.1 +
134 1 2945.1 +
139 1 3542.1 +

1 44 14101 .!  +
148 14482.1 +
153 148 15.! +
158 15138.1 +
163 15664. 1 +
168 16240. 1 +
$73 1 6954.! +
(78 1 7848.1 +
183 $8779.1 +
188 19262. r +
192 39773.1 +

1—23
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****** * t~-4.~,-~(.* ****** *-f **-~
.-f -A -k*** *********************************** ****

*
* *

*
* HARPOON ~1I S S1L ~ CANISTE R V E R S I ON  *

* *
* *4 I N P U t PA W A M FTFPS *
* *
* *
* *
* SUPPORT LOCATIr)NSUS FWD 88 . 12  *
* CTR 166 .00 *

* AFT 189 .12  *
* L O N G I T U D I N A L  SHOC K F R E OU ENC Y— IH GH TEMPERATURE 7. 76 HZ *
* LOW TEMPF RA T ~JRF 7.76 HZ *

* I MP A CT VFL [) CITY 10 .24  FPS *
* N U ’IR F R OF L O N G I T U D i N A L  ~E A P ! N G  R EST AIN TS 1 *

* LOC ATION OF LONG B F A R !N G  R E S T R A I N r S ( I S )  1 9 2 . 1 3  *
* ECC E N T R I C I T I E S  5.75 INS *
* *

* *
* REStJLTS *

* *
* *

* *
* AT L[)W T F M P E R A T U R E  *

* *
* D E C E L E R A T I O N  15.5 1 G *
* D Y N M ’I C  SUPP ORT R E ACTI ONS FWD 1 228.28 LBS *
* CTR 5999.26 LBS *

* AFT —5712 .37  LBS *
* DYN BENDING MOM AT SUPPORTS— FWD —21058.62 IN—LBS *
* CTR —5 87.72 IN—LBS *
* AFT 135079.64 IN—LBS *
* *
* D Y N A M I C  RENDING MOMENTS AT L O N G I T U D I N A L  RESTRAINT S *
* 1ST BEA RING RESTRAINT 135127.54 —0.00 IN—LBS *
* *
* *
* AT FI lC H TEMPERATURE ** *
* DISPLACEMENT 2.52 INS *
* *
* R E M A R K S  ** IMPACT VELOCITY E Qt J I VAL EN T NOT ACTUAL SEE TE XT *
* H I GH TEMP = LOW TEMP = — 20 °F ** *
* *
* *
********** ************ ****** ************ ****************************

TABLE 1—10

RES PONSE TO L O N G I T U D I N A L  25G , 25MS HALF S I N E  SHOCK AT —20 °F
SUMMARY

A— 24
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FIGURE ~— l  ~
D Y N A M I C  B E N D I N G  M OMENTS

PF SPONSF 111 t ONGI11JOINJA L 25G~ 25MS H A L F  S I N E  SHOCK AT —2 0° F

IS ~l~W 0 34000 68000 107000 1 36000
IN IN—I US+ + + + +
0 0. +

10
15
20 — 1 1 . +
25 —4 1.+
30 —4 54 . -’-
35 — 879 .+
40 —1408.1+
45 — 2 1 2 1 . 1+
49 — 3 0 3 1 . 1+
54 —41 8 5 . 1  +
59 —5775 .1 +
64 — 7 9 1 9 .1 +
69 — 1 0 0 4 2 . 1  +
74 — 1 2 4 6 0 . 1  +
79 — 1 5 2 7 6 . 1  +
84 — 13417.1 +
88 — 2 1 0 59.1
94 —1 8003.1 +
99 —1 5764 . 1  +

104 —1 36 3 5.1  +
109 — 1 1 7 7 6 . !  +

1 14  — 3 0 020 . !  +
I t O  —~3493 .1 +
124 —6998.1 +
129 —5 659.1 +
134 —4378.!  +
139 —33 )8.1+
144 —2505.1+
146 —18 62. 1+
$53 —1 323 . 1+
158 —9 5 )~~+
163 —630. +
$66 —588. -f
173 42369.1 +
178 71723. 1 +
183 1 00362.1 +
189 135080.1 +
192 135128.1 +

1—25
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* *
* *
* *
* A X I A L  I.OA O S *
* *
* *
* HARPOON M I S S I L E  CANISTE R V ERS I O N ** *
* D Y N A M I C  A X I A L  LOADS AT L O N G I T U D I N A L  REST R AINTS *
* 1ST R E A R I N G  R E S T R A I N T  23500 .44 LB S *

* *
* RE 1AR ’~S *

* *
* *
* *
* *
****************************** ************************ ****** ********

FABL E A — I l

AXIAL LOAD SIJ~—~-4APYRF~ PflNSE TO LONGITUDINAL 25G,251AS HALF SINE SHOCK AT —20°F

A — 2 6

I -
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F I G U R E  A — 1 6

DY N A M I C  A X I A L  LOADS
RE SPO N SE TO LON G I T U D I N A L  250 , 25MS H ALF S I N E  SHOCK AT —20°F

IS AXL 0 6000 12000 1 8000 24000
IN LBS + + + + 
0 O. +
5 9. +

10 18. -i-
$5 26. -i-
20 263. 1+
25 69 1.!  +
30 1173. 1 +
35 1 559.1 +
40 3968. 1 +
45 2517. ! +
49 3224 .1 +
54 4350. 1 +
59 5589.! +
64 6513. !  +
69 7412.r +
74 8285.1 +
79 9227.1 +
84 10 152 .1 +
89 10-9 55.1 +
94 1 14 9 1 . 1  +
99 1 2 1 2 5 .1  +

104 12784.1  +
$09 J3414.~ +
1 14  13896.1 +
$1 9 14318.1 +
124 1 46 1 2 . 1  +
129 14933.1 +
134 15385.1 +
139 16094 .1 +
344 36759.1 +
348 1 7 2 12 . 1  +
153 1 7608.1 +
158 1 7992.1 +
163 18616 .1  +
1 68 1930 1. 1  +
173 20150. 1 +
17 8 2 1 2 1 2 . 1  +
183 22 -3 19 . 1  +

— 1 88 22893.1 +
392 23500. 1 +

A—27 
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* *
* *
* *
* H ’~RP ( 1I)N ~A ISSIL F CANISTER VERSION *
* INPUT PARAR4ETFUS *

* *
* *
* *
* *
* *
* SIJ PPFiRT !.PCA r IONS ( 1~--i ) EWI) BR . $2 *
* CIR $66 .00 *

* AF T 180.12 *
* TRANSVFUS F- SHOCK FRFOIIFNCY—HIGH FEMPERATTJPF 13 .67 117 *
* 1 11W FEMPFRATUPF l3 .~~2 i-U *
* !~4 PA CT VF II 1C E TY 4 .33 F P S  *

* ** *
* UFSULFS *
* *
* *
* *
* A F L 1W TEM P E R 4 I U U F  *
* *
* D E C E L E R A T I O N  I I • 5 1 (3 *

* DYNA M IC SU PP I1UF R EACTIONS F WI )  34 7 9 0 . 5 7  LB S *
* CTR — 3 0 7 2 . 7 3  LBS *

* A FT 1773 .88 LBS *
* PYN B E N D I N G  ‘ION AT SIIPPI ) R TS — FWT) — .)4 ’384. 60 !N— 1~BS *
* CTU 44092 .50 IN—L B S *
* AFT —551.3) TN—LBS *
* *
* *
* AT H I G H  TFMPFPATIIPF *
* *
* D I S P L A CP 4 F N T  0 .61 INS *
* *
* U F : M A R K S &  I M P A C T  V E l O C I T Y  E C ) I I I V A L ENT NOT ACTUAL SEE TFXT *
* 311 ( 3 1 1 TE MP 1 11W TF M P  = 70°F *

* *
** ****** ****************************** ********** ****** ****** ******** F

TA R I .F  A — I  2

RESPONSE tO TR ANSVER SE ISO , 18M5 H A L F  St  NF SHOCK S U M M A R Y

—



1 

~~

IS -~fl M (1 61000 $72000 183000 244000
I N  I1— L RS + —+ — + — + ——-- -I-
0
5

10 0. 4-
15 0.4
20 — 1 2 1 . 4
25
30 —5 726 .1+
35 — 1 0 1 1 2 . 1  +
40 — 16202. 1 +
45 — 2 4 4 3 0 . 1  +

49 —34 985 .1 +

54 — 4 R 1 6 ~~.I  +

59 — 66473 . !  +

64 — 8 ’)9 93 .T +
69 — 1 1 5588.1 +
74 — 1 4 3 4 1 9 . !  +

79 — 175 830 .1  +
84 — 2 1 30 85 . 1  +
88 — 242385 . ! +

94 — 204 396.! +

99 —17~ 35I .I 
+

104 — 1 4 6 6 2 3.1
109 — 1 2 ) 9 9 2 . 1  +

1 1 4  —9 9 553.1 +

~~~ —77738.!  +
124 —57300. 1 +

3 29 —3 965 9 .1  +
$34 —2~)677.I +

• 339 —5244.1+
144 7346. ! +
148 11976. 1 +
35 3  2 7 4 0 4 . 1
358 340 18. 1 -i-
$6 3  41851 .1 +

$66 44092.1 +

$ 73  3 7 9 7 1. 1  +

378 32043.1 +
$83 17988. 1 +

$8 9 — 5 5 3 . +
393 — 0. +

F I G U R E  A — I  7

UFSP I1NSF I’D T R A N SVF R SE 15G , I 8MS H A I .F S I N E  ~S~UX’K
P V N A U I C  R E N D I N G  MflM ENTS

1— 20
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**************************************** ****** ****** ****** ****** ****
* *

* *
* *
* HARPOO N M I S S I L E  CANI STF R V E R S I O N  *

* *
* *

* INPUT PARA M ETERS *
* *
* *

* *
* *
* *

* SUPPORT L O C A T I O N S ( I S )  FW D 88. 12 *
* CTR 166 .00 *
* AFT 189 . 12  *

* V E R T I C A L  SHOCK FRE Q 6 .8$  HZ *
* DR O P HEI GHT - 2.55 INS *

* WEIGHT flF TUE CflNTA INER SHELL 500.00 LBS *
* WEIGHT OF CRADLE 917.50 LBS *
* *

* *
* RESULTS *

* *
* *
* *
* PRIMARY— *
* DISPLACEMENT 1. 2 7  INS *

* DECELERATION 6 .0 1 0 *
* REBOUND— *
* DISPLACEM ENT 0.22 INS *

* DECELERATION 1 .02 0 *
* D~1’ 1AMI C SUPPO RT REACTIONS FWI) 77 22.96 LBS *

* CTR — 5 6 0 . 13  LBS *
* AFT 1943. 40 LBS *

* DYN B E N D I N G  MOM AT SUPPORTS — FWI) — 12 6 5 6 2 .2 9  IN—L B S *
* CTR 23023.15 IN—LBS *
* AFT —287. 87 TN —LBS *
* REMARKS DROP }IEIGHT EOUIVALENT NOT ACTUAL. SEE TFXT *

* *

******* ******* *********** ****** *** **** **** ****** ** **** ****** ** **** **

TABLE 1—13

RESPONSE TO VERTICAL 15G ,I RMS HALF SINE SHOCK SUMMARY

- 

A-30
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F I G U R E  A — 1 8

D Y N A M I C  B E N D I N G  MOM ENTS
RESPONSE TO VERTICAL 15G ,1 8NS HALF SINE SHOCK

IS MOM 0 32000 64000 06000 128000
IN IM—LRS+ + + + +
0 0. +
5 o. +

10 0.+
15 O. +
20
25 —248.+
30 —2729. 1+
35 —5280.1 +
40 —8460 . 1 +

— 45 —32746.1 +
- • 49 —$8215.1 +

54 — 2 5 15 1. !  +
59 —34 709. ! +
64 —4 6990. 1 +
69 —60355.1 +

74 —74887 .1 +

79 —9 1811 .1 +

84 —1 10689.1 +
88 —12656 2 . 1
94 —106726. 1 +

99 —91038.1 +
104 —76560 .1 +

109 —63699.1 -+
1 1 4  —51460. 1 +
1 1 9 —4059 3 .! +

124 —29920. 1 +

129 —20 186 . 1 +
334 —1 0797. 1 +
$39 —2738 .1+
$ 4 4  3836.! +
$48 9386.1 +
353 $4309 . 1 +
$58 39233 .1 +
363 23853. 1 +
3 .66 23023.! +

173 19827. 1 +
1 78 1673 1 . 1  +

183 9340.! +

t 189
39 3 —0. +

1—3 1
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* *
* *
* *
* HARPOON ~!ISSIIJ C~ N1STEI? VERSION *

* *
* *
* INPUT PARA METERS *

* *
* *
* *
* SUPP OR T L O C A T I I 1 N S ( I S )  FWD 88 . 1 2  *
* CTR 166 .00 *
* AFT 180 . 1 2  *
* L O N G I T U D I N A L  SHOCK FREOI JFNCY —1 -I I GH TEMPERATUR E 6 .~~l 117. *

* LOW TEMPERATIIRE 6.8$ 117 *
* I M P AC 1’ V El OC I TY 4.52 FPS *

* N W I B F R  (IF Lfl~~~IT U D I  NA !.  B E A R  L N G  PE STA I NTS 1 *
* 1..f I C A T f l )N  OF LON G R F A R I N G  R F S T P A I N T S ( [ S )  197 .13  *
* F.CCE~- F U 1 C I T I ’ S  5.75 INS *

* *
* *
* RESULtS *

* *
* *
* *
* AT LOW t E M P E R A T U R E  *

* *
* D E C E L E R A T I O N  6 .01 (3 *
* D Y N A ? A 1 C  SUPPO RT RE A C T TO9 S FWD 1263. 03 1. 05 *
* CTR 2267. 58 I R S  *
* AFT — 2 015 .44 LBS *
* DYN B E N D I N G  ‘IIP I AT S(JPPfl PT S — FWD — 73 05 8 .6? 1N—L ~ S *

* CTI? 7 118.66  IN—L O S *
* AFT 52312 . 03 T N—LBS *

— * *
* nYNM~

qC B E N D I N G  ‘I WPNT S AT L O N G I T U D I N A l .  r ?F STR A IN T S *
* 1ST B E A R I N G  R E S T R A I N T  52360.83 —0.00 IN—LBS *

* *
* * H
* AT 11100 I F M P E R A T U R F  *

* *
* DISPLACE’~FNT I.?? INS *

* *
* RE M ARKS *

* I M PACT VEL O CITY EQUIVALENT NUT A C T U A L  SEE TE XT * H

* 11100 TEM P = L(1 W TF9P = 70°F *
* *
* *
* *
************************************** ****** ****** ****** ****** ******

TABLE 1— 3 4

RES PONSE iT) l r ) N G J T U D I N A I , 15(3 , I8’~S HALF S I N F  SHOCK SID ftM APY

1—32
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1 FIGURE A— 19

DYNAMiC RENDING MOMENTS
RE SPONSE IT) LONGITUDINAL 15C, 18MS HALF S I N E  SHOCK

IS M OM 0 14000 28000 42000 56000
IN I N — L B S +  + + + +
0
5 0. +

10
15 O. +
20 — 1 1 . +
25 —4 1 . +
30 —454 . +
35 — 979. 1+
40 — 1408 . 1+
45 — 2 1 2 1 . 1  +
49 —3031. ! +
54 —4185,,I +

59 —5775. ! +
64 — 7 8 1 9 . 1  +
69 — 1 0 0 4 2 . I  +
74 — 1 2 4 6 0 . 1  +
79 — 3 527 6 . 1  +
84 — $ 8 4 1 7 . 1  +
88 —21059.1  +
94 — 3 7 8 8 8 . 1  +

99 —1538 6 .1  +
104 —1308 6 .1  +

109 — 11055.I +
1 1 4  — 9 1 2 7 . 1  +
119 —7428.1  +
124 —5761.r +
$ 2 9 —4 250. 1 +
334 —2797.1 +
339 — 1 5 6 5 . 1  +
144 — 580 .1+
$ 48 235. +
153 946 . 1+
158 1 490.1+
1 63 1983.1 +
166 2 1 1 9 . 1  +
173 313438. 1 +
178 29497. 1 .4-
383 39841.1
389 52313.! +
1 92 52361.1 +

1— 33
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** *********************************************-******* ****** ********
* *

* *

* *

* AXIAL LOADS *
* *

* *

* HARPOON M I S S I L E  CANI STE R VERSION *
* *

* DYNAMIC AXIAL LOADS AT LONGITUDINAL RESTRAINTS *
* 1ST BEARING RESTRAINT 9106 .23 LBS *

* *
* R E M A R K S  *

* *
* *

* *

* *
****************************************************** **************

TAF3L F A— 1 5

A X I A L  LOAD S U M M A R Y
RE SPONSE TO LONG I T U D I N A L  15G , I 8MS HALF SINE SHOCK

1—34
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F I GURE 1—20

D Y N A M I C  A X I A L  LOA DS
RESPONS E TO L O N G i T U D I N A L  15G , I 8M S HALF S I N E  SHOCK

IS AXL 0 3000 6000 9000 1 2000
I N  LBS + + + —+  —4
0 0. +
5 3.’

10 7.+
15 10.4
20 102 . +
25 268.1+
30 455.1 +
35 604.1 +
40 763.1 +
45 975.1 +
49 3249 .1  +
54 1686. ! +
59 2 16 6 .I  +
64 2524.1 +
69 2872.r +
74 3230 . 1 +
79 3575.1 +
84 3934.1 +
89 4206 .1 +
94 4453.1 +
99 4iS98.~ +
104 4954.1 +
109 5198.! +

1 1 4  5385.1 +
$1 9 5548.1 +
324 5662. 1 +
129 5786.I +
334 5962.1 +
139 6236.1 +
344 6494.1 +
348 6669.1 +
153 6-923.1 +
$58  6972.1 +

1 63 7214.1 +
$68 7479.! +
173 7808.! +

378 8220.! + H
183 8649.1 +

188 8137 1. 1 +
$92 9106.1 +

4—35
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*** ***************** ****** ****** ****** ****** ** **** ************
* *
* *
* *
* HARPOO N M I S S I L E  CANISTER VERSI ON *
* *
* *
* INPUT PARAMETERS ** *
* *
* ** *
* *
* SUPPORT LOCATIONS(IS) FWD 88.12 *
* CTP 366 .00 *
* AFT 189.12 *

* VERTICAL SHOCK FREO 6.81 HZ *
* DROP HEIGHT 14.01 INS *

* WEIGHT OF THE CONTAINER SHELL 500.00 LAS *
* WEIGHT OF CRADLE 917.50 LBS *

* *
* *
* RESULTS ** *
* *
* *
* P R I M A R Y —  *
* DISPL ACEMENT 2.65 INS *
* DECELERATION 32.56 G *
* REBOUND- *
* DISPLACEMENT 0. 45 INS *

* DEC ELERATION 2 . 1 4  G ** DYN A M I C  SUPPORT REACTIONS FWD 16 139.84 LBS ** CTR — $ 3 7 0 . 5 9  LBS *
* AFT 4061. 4 1  LBS *

* DYN R E N D I N G  MOM AT SUPPORTS — FWI) —264496.24 IN—LOS *
* CTR 4 8 114 .93  IN—LBS *
* AFT — 6 0 3 .6 0  IN—L BS *

* REMARKS DROP HEIGHT E QUIVALENT NOT ACTUAL SEE TE XT *
* *
* *
* *
********************************************************************

TABLE 1— 1 6

RESPONSE TO VERTICAL !5G ,35MS TRAPEZOIDAL SHOCK SUMMARY

A—3 6

___________ 
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F I Gu RE A — 2 1

D Y N A M I C  B E N D I N G  M OMEN TS
PFS PflflSE TO VERTICIL 15G ,3SMS TRAPEZOIDAL SHflCK

IS ~1QM 0 67000 334000 201000 268000
IN IN — L E3 S + + + + +

- 

- 0
5

3 0
15
20 — 132 . +
25 — 51 8 . +
30 —5 703. 1+
35 — $ 1 0 3 4 . 1  +

1 - 40 — 3 7 6 8 0 . 1  +

45 —2 6 6 37. 1 +

49 — 3~3067. I  +

54 — 5 2 5 6 1 . 1  +

59 —72537.1 +

64 —9~32O3 . 1 +

69 — 12 6 1 3 3 . 1  +

74 —156503. 1 +

79 — 1 0 3 8 7 1 . !  .4-

84 —2 .3 3 324 .! +

88 — 264406 .1 +

04 — 22 3O~2.! +

99. —19025 6 .1 +

104 —159999 . 1  +
109 — 1 3 3 1 2 1 . 1  +

3 3 4  — 1 0 7 5 4 3 . 1  +

11 9 —~ 4-~3O. I +

124 —62527 .1  +

129 —42186.1 +

134 — 2 25 6 3 . 1  +

139 —~ 722.I +$44  ‘301~~. J  +

148 1 ’~615.I +

153 2-~
Q04.I +

358 3~3103. I +

363 45669.1 +

366 4311 5.1 +

373 41435.1 +

$78 34966.1 +

383 195 39 . 1 +

$89 — 602. 4
$03 —0.+

A — 3 7

— —- -—
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* *

* *
* *

* H A R P m N  M I S S I L F  C A N I S T E R  V F R S I O N  *

* INPUT P A R A U E T F R S  *

* 
.4-

* *

* *
* *

* *
* SUPPO R T L O C A T I O N S ( I 5 )  FWI) 88 .12 *

* CTR 166 .00 *

* AFT $ 8 9 . 3 2  *
* TRANSVERSE SP3CK FRE OI J EN C Y— ( II G H I ’E M PER AT I J R F $ 3 . 62 H Z *

* LOW TEMPERATU RE 13.62 HZ *

* I M P A C T  VELOCITY 4 .77 FPS *

* *
* *
* RESULTS *
* *
* *
* *

* AT LOW T F M P E R A T U R E  * - -

* *

* DECELERATION 12. 68 (3 *

* D Y N A W J C  SUPP OR T RE A CT I f l NS F~ D 16794 .04 LBS *

* CTR — 1 1 8 1 . 7 7  LRS *

* AFT 4 100 .22  LBS *
* D YN P E N D I N G  MO M AT SI J PP OR Th— F~’fl — 26 7023. 27 TN—L B S *
* CTR 48574 .63 I N — l . RS *
* AFT —Afl 7~ 35 I N— I RS *
* *
* *
* AT 01011 T E M P E R A T U R E  *

* *
* DISPLACE M ENT 0. 67 INS *

* *
* R E M A R K S :  IMPACT VELOCITY EOUIVALENT Nfl ACTIJ AL SEE TFXT *
* I - I T C H  TE MP = L O W  TE MP = 70°F *
* *
************************ ********************************************

TAB LF A— i 7

RESP ONSE TO TRANSVERSE QG , 3SMS T R A P E Z O I D A L  SHOCK Su M M A R Y

4 — 38
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IS MOM 0 67000 3 34000 203 000 268000
IN IN—LBS + —+ ——— ————+ — + ———+

0 0. +
5 0. +

10 0. +
15 0.+
20 — 133. +
25 —523 . +
30 —5757. 1+
35 — 3 1 1 4 0 . 1 +
40 —17848.1 +

45 —26891.! +

49 — 3843 1.1 +

54 —53063.1 +
59 —73230 .1 +

64 —99141 .1 +

69 — 127338.1 +

74 —157998.1 +

79 —193704. 1 +

84 —233534 . 1 +

88 —267023. 1 +

94 — 225373.1 +

99 — 3 92074 . 1  +
$04 — 3 6 3 527. 1 +

109 —334392.1 +

33 4 —308573.1 +

319 —85641.1 +

124 —63125.1  +

$29 —42589. ! +

134 —22 779. 1 +

139 —5777.1+
144 8092.1 +
3413 19803.1 +

153 30390. ! +

158 38467.! +

363 46105.1 +
366 485.75. 1 +

373 4) 8 3 ) . !  +

178 35300.! +

183 19706.1 +

389 —607 . +
193 —0.+

F I G U R E  1—22

R ESPONS E TO TRANS VERS E 9G ,3SMS T R A P E Z IODI 4L SHOCK
D Y N A M I C  RENDING MOMENTS

1—39

:‘ 1- 
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* *
* *
* *

* HARPOO N M I S S E I F  CA N I S T E ~? VERS ION *
* - *
* *
* IN PUT P A R A M E T E R S  *

* *

* *
* *
* SUPPO R T L O C A T I O N S ( I S)  FWI ) 88. 3 2  *
* CTR 166 .00 *

* AFT 189.12 *
* L U N G I T U D I N A L  SHOCK FRE Q UENCY—HIGH TE M PERATU R E 6 .8) HZ *
* LOW TE MP ER ATURE 6 .81 HZ *
* IMPACT VELOCITY 3. 78 FPS *

* N U ’4BE R OF L O N G I T U D I N A L  B E A R I N G  PESTA I NTS I *
* LOC ATION OF LONG R E A R I N G  R E S T P A I N T S ( I S )  192 . 13 *
* ECCENTRICITIES 5.75 INS *

* *
* *
* RESULTS *

* *P * *
* *
* AT LOW TEMPERATURE *

* *
* DEC E L E R A T I O N  5.02 0 *
* DYN A M I C  SUPPORT REACTIONS FW D 3 2 66.66 LBS *

* CTR 3878.70 LB S *

* AFT — 1 6 3 0 . 3 8  LBS *

* DYN P E N D I N G  MOM AT SUPPORTS— FWD —2 3 058 .62  IN—LBS *
* CTR 2400.70 IN—L B S *
* AFT 43687.77 TN —L BS *
* *
* DYN AM IC BENDING MOM ENTh AT LONGITUDINAL RESTRAINTS *

* 1ST B E A R I N G  RESTRAINT 43735. 67 —0. 00 IN—LBS *
* *
* *
* AT HIGH TEMPERATURE *
* *
* DISPLACEMENT 1.06 INS *
* *
* RE M ARKS *

* IMPACT VELOC I TY E QU I V A L E N T  NOT ACTUAL SEE TE XT *
* HIGH TEMP = LOW TEMP = 70° F *
* *
* *
* *
************************ ****** **************************************

TA B L F A — 1 8

RES PON SE TO L O N G I T U D I N A L  6G , 35M5 TRAPEZ O I D A L .  SHOCK SIJMVAR Y

1—40
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F I G U R E  A — 23

D Y N A M I C  R E N D I N G  M flMENTS
RES PONSE TO L O N G I T U D I N A L  6G ,35MS TRAPEZO I DA L . SH~ CK

IS M OM 0 3 1000 22000 33000 44000
I~ IN —L I3 S+ + + —+ +

0
5 0. +

10
$ 5
2~
25
30 —4 54. 1+
35 —8 79 .1+

• ‘10 — 14 08. 1 +
45 — 2 3 2 3 . 1  +

19 —3031.1 +

~4 — 4 1 8 5 . 1  +

- - ~9 —5 775.1 +

64 — 78 19.! +

~~ — 3 0 0 4 2.1 +

7’~ —124 6 0 .1  +

7’) —15276 .1  +

~~
‘- —1 34 17 . !  +

~R — 2 1 359.1 +

1)4  —17 86 7. I +

~~~~ — 15 3 4 7 . 1  +

l :~4 —$3029.1 +

J (~~ —1 0080. 1 +

1 1 4  —9 0 34 .1 +

1 3 9  — 7 3 3 7 . 1  +

12 4  —5632. 1 +

179 —4103 .1 +

$ 3i1 —2632.1 +
1 3 )  — 3 3 8 2 . 1  +

$ 44 —379•+
454 .1+

1~’3 1 1 8 2 .1  +
1 744. 1 +

1 6 3  2255 .1 +

166 2~~00. ! +

1 7 3  l~~O4 4 . I +

l 7 F ~ 2~~)Y7. I +

l c ~3 33’ 3 4 . I  +

3 31) 
~~~~~~~~~~~~~~~ 

+
J ~;7 t 3  !36. I +

A — 4 1
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** ****** ** **** *-k********* ********* *************** ***** ******
* *

* *

* 
-A

* A X I A l  I U A P ~
*
* *

* L I A R P 1 ) 1)N M I S S I T .E C A N I S T F I? V F U S I I ) N  *

* *
* 3) y ~~ IC A X I  Al . L1 )Afl~ ‘~r LflN G IT UPIN AL fl~~~t’~A I NT~ *

* NI. 
~EARING RES T RA I N r  7606 .20 LB S *

* *

* fl : ’~~ 3~$(~ *

* *

* *

* *

* *

T A f l , i

A X I A l  LOAI )  ~UM’1AI1Y
U I - SP ( iN ~-3 l - T11 r : 11 - I ~ I 111 1) [N A  I 6G , ~~~ rh AI~ N - ’ll I flA 1. SHOCK

A—4?
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F I G I I R E  A — 2 4

DYNAM IC AX IA!. LU 105
RF~ P L )NSF 111 LI ThO I TUD I  N A ! .  60 , ~‘~~5 TI? A PF t ( 1  I HA I. siin c~

II

IS AX!. () 2000 .1000 6000
IN [US + —+ — + — + —+

0
5 3• +

$ 0
i t ’2() ~~~~~~ 1+

~~-i . i  +
30 3~ 0. 1 +

35 ~O 4 1  +

dO 631.1 +

4’~ -~I ‘ ‘. I +

40 1 044 .! +

54 l -10~ . T  +

3 ‘~~(“-~~. I +

64 7 105. 1 +

69 ,‘390 • I +

74 )6~ 2 .1  +
70 )t )5o I +

. 32~~-~• I +

3’ I 3 .1 +

94 17 1k ) . 1 +

99 3Q ;’4 • I +

304 -~~ ~5. 1 +

309 -3 34 1 .1 +
I I  4 1405 . 1 +

3 1 9  46 34 .1 ÷
$ 2 4  4 120 .1 +
1 20 4833. 1 +

134 40~ O. I +

I -39 ‘ -t .~’ ( I t ) . I +
1 44 ~~~~~ I .+.

148 ‘~~f l . t +
+

I~~H 5~~2 3 . I +

36:3  607~~.I  +

168 t 24 7 .1 +

$ 1 3 ‘S’~22.  I
l 7 l ~ 6 ’-3 t~n . I  +

$13 3 7.’2 4 . I  +

I 513 143 0. I +

19 2 b OO . !  +

1—4 .3
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**************** ****** ****** ****** ****** ****** ***********
* *
* Z~1GJIRF A—2 5 *

* *
* C ft4 PA RL SON OF 4?G ,25MS TPS ( S P E C I F I C A T I O N ) Tfl 19 .090 ,64M 5 *

* HALF S I N E -  RESP ONS E TO —2 0 °F FORWARD FOOF R OT ATIONAL. DROP *

* (RES PONS E ) *

* *
********** **********************************************************

SHOC K SPEC TRUM
S P E C I F I C A T I O N  = *

RESPONSE = +

FREO SPEC RFS P 0 15 30 45 60
HZ 0 0 + + + — — — — +  +
2. 6 .5 9.6 1 * +

4 4. 32.8 38.4 I * +

6. 19.0 25.5 [ * +

8. 24.9 30.3 1 * +

30. 30.3 32.8 I * +

I I

4. 30 .7 33.6 1 + *

38. 46.7 3 3 . 9  1 + *

22. 5 3 . 0  29.5 1 -4

26. 52.5 27. 3 1 +

1; 30. 51.8 24.8 1 + *

I
4 34. 4 8 . 4  22. 0 [ + *

4 1
38. 44.2 21 .1 1 + *

42. 40.0 23 .6 1 + *

46. 37.3 22. .3 I + *

50. 36.7 22.4 1 + *

60. 42.0 21.7 1 + *

70. 45.8 20.5 1 + *-

80. 42.0 23.0 I + *

90. 30.0 20.8 1 + *

00. 42.0 20. 3 1 + *

110. 44 .4  20.5 1 + *

I
320. 42.0 20.4 1 + *

I
330. 39.9 20.1 1 + *

140. 42.0 20. 3 I + *

I
350. 43.7 20.3 1 + *

A-44
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********************************* *
* FIGURE A—26 *

* *
* COMPARISON OF 42G,25MS TPS (SPECIFICATION) TO RESPONSE TO *

* TRANSVERSE 9G,3SMS TRAPEZO I DAL SHOCK (RESPONSE) *
* *
********************************************** ************

SHOCK SPECTRUM
SPECIFICAT I ON *

R ESP ONSE = +

FREO SPEC RESP 0 15 30 45 60
HZ 0 0 + + + ———--.4. +

2. 6.5 4.3 j + *

4. 32.13 8.4 I + *

6. 39.0 3 2 . 1 I + *

8. 24.9 15.2 I + *

I
10. 30.3 17 .7  1 + *

I
34.  39.7 20.4 1 + *

I
18. 46.7 20.9 1 + *

I
22. 53 . 0  20. 3 1 + *1

I
26. 52.5 18.8 1 + *

30. 51 .8 37. 3 I + *

34. 48.4 $6.0 I + *

38. 44.2 14 .8 1 + *

42. 40. 0 33.9 I + *

46. 37.3 33 .4  I + *

50. 36.7 $3.4 I + *

60. 42.0 13.7 1 + *

70. 45.8 13. 3 I + *

80. 42.0 13 .1  I + *

90. 30.0 33.0 I + *

$00. 42.0 12.9 1 + *

I t O .  44.4 3 2.8 1 + *

320. 42.0 32.8 I + *
I

1 30. 30 .9 32.8 I + *

340. 4 . 0  32. 13 1 + *

350. 43 . 7 2. 8 1 + *

A —45
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******** ********************** ************************ *************-*
* *
* FIGURE A — 27 *

* *
* C O MPARISON OF 420 , 25MS TPS ( SPECIFICATION ) TO RESPONSE TO *

* LINC I FUDINAL 250,25MS HALF S I N E  SHOCK AT — 2 0 °F ( RESPONSE ) *

* *
**********

SHOC K SP ECTRUM
SPECIFICAT I ON *

R E SPON SE = +

FREO SPEC RESP 0 15 30 45 60
liZ 0 0 + + + ——+ +
2. 6.5 8.0 ! * +

I I

4. 32.8 1 5.3 1  * +

6 . 39 .0 21.0 1 *4 
-

8. 24.9 24.7 1 $

30. 30 .3 26.5 1 + *

4. 30.7 26.8 1 + *

38. 46.7 25.3 1 + *
I I

22. 53.0 23.2 1 +

26. 52.5 2 1 . 1  1 +

30. 53 .8  39.3  I + *

34. 48.4 17. 6 1 + *

38. 44.2 16.3 I + *

42 . 40. 0 35.5 1 + *

46. 37.3 35.9 I + *

50. 36.7 16.0 I + *

60. 42.0 15.7 I + *

70. 45.8 35.8 1 + *

80. 42.0  5.7 1 + *

90. 30.0 35.5 I + *

300 . 42.0 1 5.6 1 + *

ItO . 44.4 35.5 1 + *

320. 42.0 35.6 I + *

3 30. 39.9 35.6 1 + *

140 . 42.0 15.5 1 + *

350 . 43.7 35.5 I + *

A—4 eS 
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**************************************************** ****** **********
* *

* *
* 

- . 
*

* 1— LA F DROP— HARPOO N M I S S I L E  CANISTER *
* *

4 * *
* INPUT PA R AMETERS *

* *
* *
* *
* *
* *
* SUPPORT LOCATIONS (IS) FWD 80.52 *

* AFT 158.39 *
* VERTICAL SHOCK FREO 6 .81 HZ *

* DROP FEIGHT 38.00 INS *
* WEIGHT OF THE CONTAINER SHELL 500.00 LBS *
* WEIGHT OF CRADLE 427.20 LBS ** *
* *
* RESULTS *

* *
* *

4
1 

* * 
-

-

* P R I M A R Y —  *

* D I S P L A C E M E N T  2. 98 INS *

* DEC ELERATION $4 .09  C *

* R~~R 0UND — *

* DISPLACEMENT 0.51 I N S  *

* DECELERATION 2.40 0 *
* D Y N A M I C  SUPP ORT REACTIO N S FWD 2 14 l 8 .7 4  LBS *
* AFT 6842.48 LBS *

* DYN BENDING MOM AT SUPPORTS— FWD —100807.82 IN—LBS *
* AFT — 139045 .27  IN—L B S ** REMARK S *
* *
* ** *

TABLE B—I -

FLAT DROP SUM M A R Y

8 — 3
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FIGURE B—I

D Y N A M I C  BENDING MOMENTS
3 8 INCH FLAT DROP

IS MON 0 35000 70000 1 05000 140000
IN IN—LBS+ + + —+ 

0
5 — 1 295. 1+
10 —4226.1 +
15 —7 185. !  +
19 —1 0905 .1 +

24 —$4710.1 +
29 —$9480.1 +

34 —24 697. 1 +
39 —30561.1 +

44 —36623 .1 +

48 —43276.1 +

53 — 50183.1 +

58 —58 1 35.1 +

63 —66454.1 +

68 —7525;.r +

73 —84416.1 +

77 —94002 .1 +

8) — 100808 .1 +

87 — 99871 .1 +
92 —99758.1 +

97 —99954. ! +

102 —1 00686. 1 +

106 — 10 16 7 1 . 1  +

I l l  —10324 8.1 +

1 16 —105022. 1  +
1 23  — 3 0 7 4 4 6 . 1  +

12 6 — $ 10 0 0 9 . 1 +
133 — 1 )3277.1 +

335 —116630. 1 ÷
140 —120744. 1  +

145 —124885.1 +

350 —129845.1 +

$55 —134804. !  +

158 —1 39045.1 +
165 —101547.1 +

169 —73068.1 +
3 7 4  —44723. 1 +
379 —17472.1 +

1134 — 3 865.1+
189 0.+
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* * I t

* *
* 4-

* END IMPACT— IIAI?POON ~‘I S SI L F  C A N I S T E R  *

* *
* *
* INPUT PAUA ’-’FTFRS *

*
* *
* *
* SUPPORT LDC A T I O N S ( l S )  FWD 80 .52 *
* AFT 158.39 *

* L ON G I T U D I N A L  SHOCK FRE QUENC Y — H I G H  T FM PF RA T U P~ 6 • 46 If? *

* Lfl’~I TP4PFP A TU PF 7 .76 137 *

* I M PACT VELOCITY 3 0 .00 FPS *

* NU MB ER OF L O N G I T U D I N A L  R E A P I N G  PESTA IN TS I *
* LOC A TION OF LUNG ~FARI NC PESTRAINTS (IS ) 358 .39 *

* ECCENTRICITIES 1 3 . 95 INS *

* *
* *
* RESULTS *

* *
* *
* *
* AT LOW TEMP E RATURE (— 2 0 ° F )  *
* *
* DECE L ERATION 1 5 . 3 4  C *

* DYN A~’IC SUPPORT REA CTIONS FP~F) 6179 .1.3 LBS *

* AFT —4173.73 LBS *

* DYN BENDING ~f)M AT SUPPORTS — F1~1fl — 7 ) 5 3 . 2 7  TN—L B S *
* AFT 352950. 66 IN—LBS *
* *
* D Y N A M I C  BENDING MO~ FNTS AT LONGITUDINAL RESTRAINTS *

* 1ST B E A R I N G  R E S T R A I N T  352950 .66 IN—LBS *

* *
* DYNAM IC AXIAL LOADS AT LONGITUDINAL RESTRAINTS *

* 1ST BEARING RESTRAINT 30356.89 LBS *

* *
* *
* *
* AT I I G 3I  T E M PER A T UR F ( 1 4 0 ° F )  *

* *
* DISPLACEMENT 2. 06 INS *

* *
* REMARKS *

* *
* *
* *
* *
* *
********************************************************************

TABL E B— ?

END IMPACT SUMMARY 
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1
FIGURE B—2

DYNA MIC RENDING MOMENTS
10 FPS FND IMPACT

IS Mr . 1W 0 379000 358000 537000 736000
I N  IN— LBS + + —+ —+ 

0 0..+
5

3 0  —300 . +
15 — 5 I O ~ +
39 — 774 .-I.
24 — 1044 . +
29 —$ 382.+
34 —1752.+
39 — 2 169 . +
44 —2599 .-I.
48 —3071.+

- 
- 53 —3561 .+

58 —4125. 4-
63 —47 16 . +
68 —5340. +
73 —5990. .-
77 —6670 .1+
83 —7153 .1+
87 23535. 1 +
92 46087. ! +

97 68637. 1 +

102 9 3 3 0 9 . 1  +

l06 113582.1 +
I I I  1 36014. 1 - +
116 158432.! +
121  1 80804 .1 +

126 203 166.1 +

131 225477.! +

135 247783. 1 +

340 270035 .1 +

1 45 292285.1 +
350 334476.! +

155 336668.1 +

158 352950. 1 +

365 —7206.1+
169 — 518 5. +
174 — 3 174 . +
179 —1240.+
384 —132.+
189 0.+
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F I G U R E  8—3

DYNA M I C  A X I A L  LOADS
10 FPS END I M P A C T

I

IS A XL 0 7000 1 4000 21000 28000
I N  LBS + + + + +
0
5 547. 1+

30 651.1+
15 742 . 1+
19 833.1 +
24 924. ! +
29 1138.1 +
34 1 230.1 +
39 1 322.1 +

44 1412 .1 +

48 1501.1  +

53 1 588.1 +

58 1 8 1 3 .1 +

63 1901 .1 +

68 1 992.1 +

73 2083.1 +

77 2 415 .1  +

82 3035.1 +
87 3472 .I  +

92 3563.1 +
97 3654.1 +

102 3745.1 +

106 3836 .1 +

1 1 1  3926.1 +

11 6 4017.1 +

121 4108.1 +

126 4199.1 +
131 4290.1 +

335 4383.1 +
140 4471.1 +

145 4562. 1 +

150 4653.1 +

155 4744.1 +

158 30357.1 +

165 —24527. !  +

169 —2435 6 ,,! +

374 — 2 4 2 1 4 . 1  +

179 —24 007 .1 +

184 —14 809 , , ! +

389 —73. ..-

8—5
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****** ****** ****** ****** ****** ***** ************* *
* *
* ROTATIONAL EDGEWISE DROP *

* HARPO O N MISSILE CAN I STE R ** *
* INPUT PARAMETERS *
* *
* *
* HALF MOUNT SPACING 65.00 IN S *
* SUPPORT LOCATIONS(IS) FWD 8O.5~ *

* AFT $58.39 *

* OVERALL CONTAINER LENGTH 23 7.00 iNS *
* ITEM PITCH MOMENT OF INERTIA 3 4574.80 1F9—LR—SECSQ *

* DISTANCE ITEM C.G. TO CONT BASE 25. 39 INS *

* DISTANCE ITEM C.G. TO CONT FORWARD FF40 332.25 INS *
* DROP HEIGHT 38.00 INS *
* VERTICAL FREQUENCY—LOW TEMPERATURE 7.76 HZ *
* VERTICAL FREOUENCY—H IGH TEMPERAT !JRE 6.46 HZ *

* LOCATION FOP DEC CALCULATIONS—FORWARD 2.02 (IS) *
* LOCATION FOR DEC CALCULATIONS—AFT $84.20 (IS) *
* LOCATION FOR DSPL CALCULATIONS—F ORWARD 2.02 (IS) *
* LOCAT ION FOR [)SPL CALCULATIONS—AFT 384.20 (IS) *
* CRADLE WEIGHT 427.30 LBS *
* CRADLE C.0. LOCATION 300.39 (IS) *
* CRADLE PITCH MOMENT flF INERTIA 4023.86 IN—LR—SECSQ *
* *
* RESULT S *
* *
* TOTAL WEIGHT OF ITEM AND CRADLE 2432.50 LBS *
* TOTAL PITCH MOMENT OF INERTIA 18597.60 II’4—LP—SECSO *
* Tflf Al. C.G. IS LOCATED AT 99.55 (IS) *
* *
* AT LOW TEMPERATURE (—20°F) *
* *
* FORWARD EDGE DROP *
* M A X I M U M  DECELERATION A T ( I S )  2.02 39.22 0 *
* DYNAMIC SUPPORT REACTIONS FWD 39462.03 LBS *
* AFT —958.35 LBS *
* D Y14 BENDING MOM AT SUPPORTS— FWD — 324657 .70  IN—LBS *
* AFT —7547.32 IN—LBS *
* *
* AF T EDG E DROP *

* MAXI M UM DECELERATION AT (IS) 184.20 38.20 0 *
* DYN AM IC SUPPORT !~EACT1ONS FWD 9343.47 LBS *

* AFT 3 0023.56 LBS *
* DYN BENDING ‘jflk~ AT SUPPORTS— FWD —33547.55 IN—LBS *

* AFT — 177181.93 IN—LBS *
*
* *
* AT HIGH TEMPERATURE (340°F) *
* *
* FV3D EDG E DROP DISPLACEMENT A T ( I S )  2.02 3 . 3 6  INS *
* AFT EDGE DROP DISPLACEMENT AT (IS)l84.20 3.05 INS *
* *
* *
***** ***************** ****** ****** ****** ****** ****** ******

TABLE 8—3

ROTATIONAL EDGEWISE DROP S~IMM AR Y

9—6

_ _ _ _
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FIGURE R — 4

PLOT OF rEcELER ATI0N AT ITEM STATIONS
FOR HALF—MOUNTSPAC INC 65 INCHES

FORWA RD AND AFT DROPS AT —20 °F
FORWARD PROP = +

AFT PRflP = *

IS FDC AD C 0 . 3  4.9 9.7 14 .6 19. 4
IN C G + + + + +
0 19.43 —0 .351* +

5 3 8. 93 0.14* +

10 38.43 0. 631 * +
35 17. 94 1 . 1 11 * +
39 1 7.44 1 .60! * +

24 36.94 2.091 * +

29 1 6.45 2.581 * +
34 15. 95 3.061 * +
39 35.45 3.551 * +
44 34.96 4 . 041 * +
48 34 .4 6  4.521 * +
53 33. 06 5.011 * +
58 33.47 5.50! * +

63 12.97 5.991 * +
68 12.47 6 .47! * +
73 11. 98 6 .96I * +
77 13 . 4 8  7.451 * +
82 10.98 7.931 * +
87 10.49 8.42 1 * +
92 9.99 8.91! * +

97 9.49 9.40! $
102 9.00 9.881 + *
106 8.50 10 .37 1 + *
1 3 1  8.00 30.86 1 + *
1 16  7 .5 3 3 3 . 3 4 1  + *
121 7.03 31.831 + *

326 6.53 12.321 + *
3 3 3  6.02 12.801 + *

335 5.52 13.29! + *

140 5.02 13.781 + *

345 4.53 14.27 1 + *
IS O 4.03 34.75 1 + *
155 3.54 15.24! *

360 3.04 15.73! + *

165 2.54 16.21!  + *
169 2.05 1 6.70! + *

174 1.55 17 .l~’1 + *

379 3.05 37.681 + *
184 0.56 38.1 61+ *
389 0.06 38.65+ *

— —~~~ —-- - - -a - -
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FIGURE B—5

PLOT OF DISPLACEMENT AT ITEM STATIONS
FOP HALF—M OUNTSPACING 65 INCHES
FORWA RD AN !) AFT DROPS AT 140°F

FORWARD DROP = +
AFT DROP = *

FOS ADS 0.5 1.2 1. 9 2.5 3.2
IN INS INS + + + + +
0 3.19 0.53* +

- - 5 3. 12 0.591* +

10 3.06 0.66 1 * +
3 5  2.99 0.721 * +
3 9  2.92 0.791 * +
24 2.8 0.861 * +

29 2 .79 0.92 1 * +
34 2.72 0.991 * +
39 ?.65 1.06 1 *

44 2 .58 3 . 1 2 !  * +
48 2.52 1 . 3 9 1  * +
53 2.45 1.261 * +
58 2.38 3.321 * +
63 2.31 1.391 * +
68 2.24 3.451 * +
73 2 .18  1 .521 * +
77 2.1 3 1.591 * +
82 2.04 3 .651 * +
87 3.97 1.721 * +
92 1.91 1.791 * +
97 1.84 1 .85! $
102 1.77 1 .921 + *
106 3.70 1 .991 + *
I I I  3 . 64  2.05 1 + *
1 3 6  3 .57  2 . 12 1  + *
321 3.50 2.181 + *
326 1.43 2 .25 1 + *
131 1.36 2 .32 1 + *
335 1.30 2.38! + *
34 0 ( .23 2.45 1 + *
345 3 . 1 6  2 .52 1 + *
350 1.09 2.58 1 + *
155 1.03 2.65 ! + *

160 0.96 2 .72 1 + *
165 0.89 2.781 + *

V9 0.82 2 .851 + *
3 7 4  0. 76 2 .9 3 1  + *
3 79  0.69 2. 981 + *
184 0. 62 3.05 1 + *
389 0.55 3 . 1 I I +  *

8-8
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FIGURE 8—6

DYNAMIC BENDING MOMENTS
18 INCH FORWARD EDGE ROTATIONAL DROP

IS DYM 0 32000 64000 96000 1 28000
IN IN—LBS+————-——— ————+ ————+ ——— 

0 0.+
5 — 1 770.1+
10 —5752. ! +
15 —9771.! +
19 —14757 .! +
24 —1 9849.1 +
29 —26093.1 +
34 —32867.! +
39 —40369. ! +
44 —48093.! +
48 —56439. ! +
53 —65051.! +

H 58 —74690.! +
63 —84688. ! +
68 —95119. ! +
73 —105882.1 +
77 — 1 16997. ! +
81 — 124658. ! +

87 — 112315.! +
92 —103666.! +
97 —95229.! +
102 —87160. ! +
106 —79247. ! +
I I I  —71 697.1 +
116 —64253.1 +
121 —57 161.1 +
126 —50134.1 +
131 —43438.1 +
135 —36774.! +
140 —30412.1 +
145 —24058.! +
150 —17969.! +
155 —1 1 879.! +
158 —7547.! +
1 65 —5308.! +
169 —3745. ! +
174 —2205.1+
179 —779.+
184
189

B—9
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FIGURE 8—7

DYNAMIC BENDING MOMENTS
IA INCh AFT EDGE ROTATIONA L DROP

IS DYM 0 45000 90000 135000 180000
IN IN—LBS+ ———+ + + 
0 0.+
5 17.+
10 32.+
15 46.4
19
24 —58.+
29 —265.+
34 —546.+
39 -972.+
44 —1442.+
48 —2089. 1+
53 —2811.1+
58 —3912.1+
63 —5149.1 +
68 —6596.1 +
73 —8204.1 + $

77 —10028.1 +
RI — 11548.1 +
87 —22411.1 +
92 —30745.1 +
97 —39280.! +
102 —481 67.1 +
106 —57237.! +
1 1 1  —66737. ! +
11 6 —76393.1 +
121 —86567.! +
126 —96862. ! +

13 1 —107770.1 +
135 —118756.! +
140 —130458.! +
145 —142188.! +
150 —1 54746.! +
155 — 1 67303. ! +
158 —177182.1 +
165 —129599.! +
169 —93326.1 +
174 —57208.! +
179 —22430.1 +
1 84 —2453. 1+
189 0.+
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